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NEW MERYCODONTS FROM THE UPPER MIOCENE 
OF NEVADA 


INTRODUCTION 


In an Upper Miocene assemblage of mammals recently brought 
together, occur remains of numerous individuals referable to the 
genus Merycodus. The collection represents several seasons of 
paleontological field work by parties from the California Institute of 
Technology in the vicinity of Tonopah, Nevada. 

The specimens of Merycodus exhibit characters that are not common 
to those of species described from other localities in the Great Basin 
Province or from West Coast Miocene and Pliocene deposits. In 
some respects, the new Nevada forms combine characters seen in 
M. furcatus and M. necatus, found in deposits of similar age. Differ- 
ences of structure among the materials represented indicate the 
presence of two distinct species of Tonopah merycodonts. 

In a study of the new types, an analysis of the morphologic char- 
acters of the genus emphasizes the essentially constant premolar tooth 
pattern for Merycodus. As may be expected, greater diversity occurs 
among merycodont horn-core structures, particularly as to shape and 
size. However, the supraorbital position of the horn-cores is appar- 
ently constant within specific groups. 

In the present comparative studies, I am particularly indebted to 
Dr. Charles L. Camp and to Mr. R. A. Stirton of the Museum of 
Paleontology, University of California, for the loan of Merycodus 
material. Mr. John L. Ridgway has prepared the drawings and has 
arranged the plates. 


OCCURRENCE 


Remains of Merycodus from near Tonopah were found associated 
with Merychippus, Hypohippus, Rhinoceros, Camel, Pseudzlurus 
and other Miocene mammals at California Institute Technology 
Locality 172. The bone bed occurred in a relatively restricted area 
in the San Antonio Mountains and in strata referred to Esmeralda 
Miocene. 

The matrix surrounding the bone is a fine clay to a coarse, pebbly 
sandstone and occasionally a siliceous chert. Some of the fossil 
bones were imbedded in part in the softer matrix and in part in the 
indurated chert. Lenses of the latter in the deposit suggest that 
deposition occurred in a small lake or in ponds. 
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PRESERVATION AND DESCRIPTION OF MATERIAL 


No complete skulls or mandibles of Merycodus were recovered, and 
relatively few limb elements were likewise found. A number of 
maxillaries and numerous rami with teeth occur. Fortunately, series 
of complete superior and inferior dentitions illustrate early stages of 
wear of deciduous teeth to advanced wear of permanent teeth with all 
intervening changes of crown pattern. 

For the large number of individuals represented by rami, horn- 
cores and frontlets, there is a notable lack of axial and appendicular 
parts. In fact, the latter comprise only the distal end of a humerus; 
a hind leg lacking the femur; distal ends of three tibia; one complete 
and two proximal halves of metatarsals; parts of three calcani; a 
navicular-cuboid and a number of astragali and phalanges. In con- 
trast, no less than sixty individuals are represented by rami, maxilla- 
ries, horn-cores and frontlets. 

The frontlets with horn-cores and the detached horn-cores show 
diversity in size and form. Some of the differences are probably due 
to individual variation, age and sex. Pathogenic characters likewise 
may be exhibited. Certain constant characters which are present, 
when taken in association with dental structures, definitely exclude 
the Tonopah forms from specific identity with Merycodus osborm, M. 
necatus, M. furcatus, or with other known types. 

A study of the cranial, dental and skeletal parts naturally segregates 
the collection into a large and a small group. ‘The large group repre- 
sents a species which may be described as follows: 


Merycodus loxocerus n. sp. 


Type specomen—No. 1301 C. I. T. Coll. Vert. Pale., right ramus. 

Paratypes—No. 1268, left maxilla; Nos. 1298, 1256 and 719, rami, No. 
1271, maxillary; and Nos. 696, 697, 698, 702, 705, and 707, horn-cores. 

Merycodus loxocerus is characterized by the backward inclination of the 
horn-cores at an acute angle; lower molar teeth with sharply ridged anterior 
and posterior crescents; frequent occurrence of intercrescentic columnettes in 
M1 and M2, and by constancy in length of inferior dental series. 

Merycodus loxocerus is represented in various stages of development from 
early youth to advanced age by the horn-cores and tooth series. ‘The horn 
cores rise from the supra-orbital surface of the frontals, but do not possess 
the erect position seen in M. necatus and M. furcatus. In their position with 
relation to the orbit and in backward inclination, the horn-cores approximate 
more closely those in M. osborni.! ‘They differ from those in M. osborni 
in having a practically straight beam and in possessing invariably two tines. 
Specimen No. 698 (Plate 1, figs. 2 and 2a) is an example of a young adult 
with slender beam, short anterior tine and relatively long posterior tine. 
Certain differences in proportion, due to individual variation or to age, occur 
in specimens No. 705 (Plate 2, figs. 1 and la) and No. 696 (Plate 3, figs. 1 
and la). The former is not so slender and its front tine is less developed, 


1W. D. Matthew, Bull. Amer. Mus. Nat. Hist., vol. 20, art. 7, 101-129, 1904. 
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while in specimen 696 the tines are more fully grown, also their curvature 
toward the sagittal line is more pronounced. ‘These specimens all possess 
burrs that occupy positions a short distance above the base of the beam. 
Specimen 697 (Plate 2, figs. 2 and 2a) is somewhat abnormal in growth and 
is probably a young individual in which the front tines have been suppressed. 
Many other specimens show incipiency of growth of anterior tines. All of 
the foregoing specimens probably represent young forms, and a cross-section 
of the proximal part of their beams is quite circular and the surface of the 
horn-cores is not deeply grooved by nutrient canals. 

Specimens that are considered as belonging to adults of advanced age are 
notably more robust, although the beam and tines are relatively long. Speci- 
mens Nos. 702 to 707 (Plate 4, figs. 1, la and 2) and No. 1447 (Plate 1, figs. 
1 and 1a) illustrate the larger size, deeper grooving of the horn-core surfaces 
and more oval cross-section through the beam. In the larger and older 
individuals, the proximal end of the beam is quite triangular in cross-section 
with apex forward. 

The frontlets show the horn-cores to be parallel with one another and not 
widely spaced and that they arise from the posterior portion of the supra- 
orbital rim. The orbits are relatively large but not so prominent as in 
M. osbornit. A most constant character in Merycodus loxocerus is the long 
slender beam with relatively short tines. M. furcatus! is distinguished by 
a like character, when compared with M. necatus, but the beams are not so 
slender relative to their height as in Merycodus loxocerus. 

The uniformity of character in the large series of horn-cores, which range 
in size from small immature specimens to large apparently adult forms from 
Locality 172, indicates considerable specific stability in this respect. 

Dentition—Merycodus loxocerus is represented by a large number of lower 
jaws, a right fragmental ramus, and full cheek-tooth dentition of a young 
adult, No. 1301. The crown pattern in the premolar and molar series is 
close to that in M. necatus and in other species of Merycodus. Premolar teeth 
with slightly worn crowns have the transverse crests and general pattern 
essentially similar in P2 to P4 inclusive. 

The molar teeth in general are typical of the Antilocapride, but the 
crescentic pillars are more sharply ridged than in M. necatus or in M. furcatus 
(Plate 4, figs. 4 and 4a). Many of the specimens, as in No. 1301 (Plate 2, 
figs. 4, 4a and 4b) possess inter-crescentic columnettes in M1 and M2, and 
in the numerous paratypes this character is fairly constant. A comparable 
style between the anterior crescents of M2 (Plate 2, figs. 4, 4a and 4b) may 
be present in a number of specimens. The third lobe in M3 differs from that 
in M. necatus, U. C. No. 26781 (Plate 3, figs. 5, 5a and 5b), in being more 
lobate, not angular, and laterally compressed. In M. furcatus, U. C. No. 
26795 (Plate 4, figs. 4, 4a and 4b), this character is more sharply emphasized. 
The lower dental series is fairly constant in anteroposterior diameter, with a 
maximum length of 46.8 mm. in an old adult specimen, No. 1259. 

A left fragmentary maxillary, No. 1268 (Plate 2, figs. 3 and 3a) and No. 
1267, a specimen with unworn teeth (Plate 3, figs. 3 and 3a), preserve the 
outer wall and retain the teeth P3 to M3 inclusive. The teeth do not differ 
significantly from those in M. necatus or in other Merycodus species. In 
another specimen, No. 1271 (Plate 1, figs. 3 and 3a), right P2 is present and a 
complete tooth series is thus available. The buccal side of the alveolar wall 
develops an irregular surface, caused by prominence of the anterior roots 
of the cheek-teeth, a character not observed in M. necatus or in M. furcatus. 


1H. L. Furlong, Univ. Calif. Publ. Bull. Geol., vol. 17, No. 4, 1927. 
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It is possibly an age character, for in another specimen, No. 1264, in which 
the complete deciduous dentition is present, the prominence of root wall is 
apparent only in the region of Dp 2 and Dp 4. The crown of M3 is just ap- 
pearing above the alveolar border in this specimen. 

In adult individuals the tooth-row closely approximates 42.0 mm. in 
anteroposterior diameter (table 1). 

Limb Elements—A hind leg lacking the femur (Plate 4, figs. 5, 5a, 5b and 
5c), No. 1446, is referred to Merycodus loxocerus. Its slender proportions 
probably indicate a young adult individual. 

The tibia, No. 1446, is long (Plate 4, fig. 5a) ; its proximal third is somewhat 
crushed, but the cnemial crest is high and the articular facets for the femur 
normal. ‘The distal articular end is narrow with a high malleolar facet for 
the fibula and deep articular facets for the astragalus. In structure and 
proportion, the tarsal bones and phalanges are much like those in M. necatus 
and in M. furcatus. 


Merycodus hookwayi n. sp. 


Type specrmen—No. 1257 C. I. T. Coll. Vert. Pale., ramus. 
Paratypes—No. 710, maxillary; No. 712, ramus, and No. 1240, frontlet. 
All specimens are from C. I. T. Locality 172. 

Merycodus hookwayt is characterized by horn-cores much heavier than in 
Merycodus loxocerus or in M. furcatus. Their attitude, in relation to the orbit, 
is not so erect as in MW. necatus or in M. furcatus, but the posterior inclination 
is less than in Merycodus loxocerus. 

The inferior teeth are large with higher crowns, and the premolars are 
more simple in pattern than in M. necatus or in Merycodus loxocerus. 

A frontlet with horn-cores, No. 1240 (Plate 5, figs. 1 and la), appears to 
present an anomalous type among the merycodonts from Locality 172. It is 
much heavier than the slender horn-cores described above. In comparison 
to the latter, this specimen is relatively broader across the frontals, as meas- 
ured between the horn-cores. ‘The beam is short and the tines likewise are 
relatively short. The posterior tine curves backward and toward the 
sagittal line. The horn-cores are more erect in attitude above the orbital rim 
than in Merycodus loxocerus, although inclined slightly posteriorly. Antero- 
posteriorly, in the region of bifurcation, the core is very broad. A large 
burr encircles the beam a short distance above its base. 

Dentition—The following described jaws and teeth, differing as they do 
from those of Merycodus loxocerus in greater size and small numerical repre- 
sentation, are tentatively considered as representing the same type of mery- 
codont known by the frontlet, No. 1240. 

A right ramus, No. 1257 (Plate 5, figs. 3, 3a and 3b), is broken away at 
both ends; the tooth-row is complete with the exception of M1; the ventral 
margin is present and shows decided convexity of surface from the posterior 
end of M3 to the anterior end of P2._ The teeth indicate slight wear and are 
high crowned. P2, P3 and P4 are characterized by high median transverse 
crests. The anterior crest in P2 is low. Posteriorly, the crown is divided 
into two transverse crests. In P3 the anterior crest is higher than in P2, 
and in the latter a slight indentation is represented which becomes a deep 
infold in P3, making the two transverse crests forward of the median apex. 
The back of the crown is divided into two transverse ridges, a deep pit 
separating the two. The enamel infolds from the lingual side in P2 and P3 
are deep and extend beyond the fore and aft median line of the teeth, reaching 
downward to the cingulum. 
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The anterior crest in P4 is not transverse in position, and terminates in a 
shallow notch on the lingual wall. A small lake lies anterior to the median 
crest, a character absent in M. loxocerus. In the latter species, however, a 
deep infold is present on the lingual wall of the tooth. The lingual wall in 
side view is like the anterior wall in the molar teeth; the anterior crest forming 
an anterior style. The median crest equals the anterior crest in molar teeth 
and is separated from the posterior part of the tooth by a deep infold of 
enamel. 

The back of the crown is divided by a deep pit, with walls converging 
rapidly to the bottom, and with no infold on the inner side of the tooth. ‘The 
posterior face of the tooth is slightly convex dorsoventrally. M1 is absent 
in No. 1257. M2 has anterior and posterior crescents sharply ridged from 
alveolus to crown. The anterior and posterior crests are flanked by_a front 
and back style. M3 has anterior crescents like the crescents in M2. ‘The 
anterior crest possesses two cuspules on its outer crown surface; the front 
style is strongly developed. The third lobe is not expanded and has a flat 
plane, posterior face. There are no intercrescentic cusps in M2 or M3. 
M3 approximates in size and form the third molar of M. altidens! from the 
Upper Snake Creek beds. It differs in being smaller and more expanded 
anteroposteriorly; the anterior lobe of the tooth is relatively longer than the 
middle and posterior lobes, while in M. altidens the anterior lobe is relatively 
shorter. 

The greatest diameter, P2 to M3 inclusive, is 56.38 mm. (table 1). 

Superior dentition—Specimen No. 710 (Plate 5, figs. 2 and 2a), referred to 
Merycodus hookway1, represents a fragmenta] left maxillary which includes 
part of the buccal wall and P2 to M2 inclusive. The teeth are those of an 
adult and show considerable wear. P2, P3 and P4 differ little in detail from 
comparable teeth in other merycodonts, and this is true also for M1 and M2. 
The tooth-row is not so sinuous asin M. necatus or M. furcatus, but is straighter 
in its longitudinal alignment. The outer side of the maxillary is peculiar in 
the prominent expansion of surface covering the front roots of the cheek- 
teeth, thus leaving a depressed area between the front roots of the teeth at 
et, border. Length of the dentition is approximately 51.2 mm. 

table 1). 


CORRELATION OF PARTS 


Only a relatively small number of lower jaws and maxillaries can 
be definitely associated, due to the widely scattered distribution of 
the merycodont remains in the deposits. All of the frontlets and 
horn-cores were found separate from other cranial or facial parts. 
Segregation of the materials into two groups seems to answer best the 
representation of the merycodonts in the Tonopah fauna. 

The largest assemblage of material representing Merycodus loxocerus 
considerably exceeds in number of specimens the collection on which 
is based the species Merycodus hookwayi. In the former group, 
individuals differing in age from youth to advanced adults are repre- 
sented by specimens with deciduous to much worn permanent teeth. 
A representation of age characters is expressed also in stages of de- 
velopment of the horn-cores. 


1W.D. Matthew, Bull. Amer. Mus. Nat. Hist., vol. 50, art. 11, 198-206, 1924. 
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Merycodus hookway1, known by remains of possibly more than three 
individuals, is distinct from Merycodus loxocerus in dental characters 
and in horn-core proportions. While the parts of the dentition and 
the horn-cores were not found associated, each individual specimen 
differs so widely in structural characters from its counterpart among 
specimens grouped under M. loxocerus as to suggest rather strongly 
that all relate to a single type, distinct from the latter. 

With the exception of two relatively large astragali and a calcaneal 
fragment, possibly referable to Merycodus hookwayi, the limb elements 
in the collection are regarded as belonging to Merycodus loxocerus. 

Among the horn-cores and frontlets known from the Tonopah 
locality, specimen No. 1240 (Plate 5, figs. 1 and la) is unique in its 
robustness and in the attitude of beam with reference to the skull, 
as well as in position of the tines. It is possible, owing to the similarity 
of dental characters among merycodont species, that certain specimens 
now grouped under Merycodus loxocerus actually belong to the former 
type. 

An analysis of the measurements given in table 1 indicates a close 
uniformity of size for the tooth-row and for individual teeth among 
specimens referred to Merycodus loxocerus. ‘The specimens measured 
are all adult forms, but the stage of wear represents individuals rang- 
ing in age from very mature to younger adult forms. The differences 
within the group are not very large. The limited material available 
of the species M. necatus and M. furcatus, in each instance representing 
an individual of well-advanced age, is intermediate in size between 
that of Merycodus loxocerus and that of Merycodus hookwayt. 


DISTRIBUTION 


Species of Merycodus form an integral part of the later Miocene and 
early Pliocene faunas from western North America and are known to 
have ranged during these stages of the Tertiary from the western 
Great Plains to and beyond the Great Basin Province. 

M. necatus and M. furcatus with their variants are among the more 
commonly recognized forms. These are the species found in faunas 
of the Barstow Miocene, Ricardo Pliocene, Republican River Lower 
Pliocene, and Snake Creek Upper Miocene. 

M. osborni! is apparently a more restricted species from the Pawnee 
Creek middle Miocene beds of Colorado. ‘This species differs con- 
siderably from M. necatus and M. furcatus and approaches Merycodus 
loxocerus in position of the horn-cores and apparently also in size. 

The upper Miocene merycodonts from near Tonopah may have 
been derived from a stock closely allied to M. osborni and may have 
occupied a similar life-zone, although of somewhat later age. 


1W. D. Matthew, Amer. Mus. Nat. Hist., vol. 20, art. 7, 101-129, 1904. 
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CONCLUSIONS 


New species of Merycodus, not heretofore reported, occur in beds of 
the Esmeralda formation of upper Miocene age near Tonopah, Nevada. 
Merycodus loxocerus is represented by many individuals and is asso- 
ciated with the more sparsely occurring species, Merycodus hookwayt. 
Remains of both forms and of associated mammalian types were 
uncovered in a relatively small area, where they had evidently accumu- 
lated in a small lake or watering hole. 

Merycodus loxocerus exhibits considerable uniformity of tooth 
structure and of the structure of the horn-cores in the large series of 
specimens available. This species approximates M. osborni more 
closely than it does other known species in pattern of the teeth and in 
the position of the horn-cores. 

If the lower jaw specimens, Nos. 1257, 712, pertain to the same 
species as the frontlet, No. 1240, the species Merycodus hookwayt, 
established on the basis of frontlet as type, may be distinguished from 
M. loxocerus not only in shape and proportions of horn-cores, but also 
by its marked difference in size and in pattern of the premolar teeth. 
The higher crowned teeth and peculiar enamel pattern of P4 in 
M. hookwayi may warrant a generic recognition of this form, when 
more material becomes available. 


PLATE 1 
Merycodus loxocerus n. sp. 
Fig. 1—Front view of frontlet of mature individual; la, lateral view; No. 1447; x %. 


Fie. 2—Front view of frontlet showing closely spaced and parallel position of horn-cores; 
figure 2a, lateral view showing long beam, relatively short tines and sharp 
postorbital inclination of horn-cores; No. 698; x %. 


Fic. 3—Right superior dentition; figure 3a, left superior dentition; No. 1271; x 1. 
Calif. Inst. Tech. Coll. Upper Miocene, Tonopah, Nevada. 
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Merycodus loxocerus n. sp. 


PLATE 2 
Merycodus loxocerus n. sp. 
Fie. 1—Side view of frontlet; figure la, anterior view; No. 705; x %. 


Fig. 2—Front view of frontlet; figure 2a, side view showing abnormal growth of horn-cores 
in young individual; No. 697; x %. 


Fig. 3—Side view of left maxillary with depressed areas in wall between roots of cheek- 
teeth; figure 3a, occlusal view; No. 1268; x 1. 


Fig. 4—Buccal view of left ramus illustrating sharp crescentic pillars, intercrescentic 
columnettes; figure 4a, occlusal view showing transverse crests in premolars and 
lobate form in posterior crescent of M3; figure 4b, lingual aspect of ramus showing 
deep infolds in walls of premolars; No. 1301; x 1. 


Calif. Inst. Tech. Coll. Upper Miocene, Tonopah, Nevada. 
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PLATE 4 
Merycodus loxocerus n. sp. 


Figs. 1. la—Horn-cores of adult individual showing long beam, deep sinuses, and oval cross- 
sections; No. 707; x %. 


Fig. 2—Distal portion of horn-core; No. 702; x %. 
Fie. 3—Buccal view of right ramus; No. 1298; x 1. 
Fics. 5 to 5c—Elements of the hind leg; No. 1446; x 1. 
Calif. Inst. Tech. Coll. Upper Miocene, Tonopah, Nevada. 


Merycodus furcatus Leidy 
Figs. 4. 4a and 4b—Views of ramus and inferior dentition; No. 26795; x 1. 


Univ. Calif. Coll. Ricardo Pliocene, California. 
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Merycodus loxocerus n. sp. and Merycodus furcatus Leidy 


ATES 
Merycodus hookwayi n. sp. 
Fies. 1, la—Front and lateral views of horn-cores; No. 1240; x %. 
Fies. 2, 2a—Lateral and inferior views of maxillary fragment; No. 710; x 1. 
Fies. 3, 3a and 3b—Lateral and occlusal views of ramus; No. 1257; x 1. 


Calif. Inst. Tech. Coll. Upper Miocene, Tonopah, Nevada. 
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TWO RODENTS AND A LAGOMORPH FROM THE 
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TWO RODENTS AND A LAGOMORPH FROM THE 
SESPE OF THE LAS POSAS HILLS, CALIFORNIA 


INTRODUCTION 


One of the largest vertebrate assemblages to be recorded from the 
Sespe deposits of Southern California, representing an upper Oligocene 
age, was obtained by the California Institute of Technology in the 
Las Posas Hills of southern Ventura County. The description of this 
fauna by Dr. Chester Stock is now in progress. The author of the 
present paper has been granted the privilege of describing the rodents 
and lagomorphs from this locality. I wish to thank Dr. Stock, not 
only for permission to study the material, but for a critical reading 
of the manuscript. ‘The photographs reproduced in the plate have 
been carefully retouched by Mr. John L. Ridgway. 


DESCRIPTION OF MATERIAL 


Sespemys thurstoni n. gen. and n. sp. 


Holotype—No. 1397, Calif. Inst. Tech. Coll. Vert. Pale., a fragmentary 
left ramus with P4, M2, and M3. 

Paratype—No. 464, Calif. Inst. Tech. Coll. Vert. Pale., a right ramus 
with P4—M2. 

Locality—Kew Quarry, Locality 126, C. I. T. Vert. Pale. 


GENERIC AND SPECIFIC CHARACTERS 


Mandibular incisor broad, anterior face flat. Anterior border of masseteric 
fossa prominent and ridged, terminating beneath the posterior border of M1. 
Anterior marginal ridge of lower molars forming the principal element in the 
anterior crest. Protolophid a minor element in the anterior crest and con- 
sisting of a short spur only. Basins of molar teeth shallow and extensive 
but broken by hypolophid. Hypolophid present as a distinct loph connecting 
externally with protoconid-hypoconid ridge. Metastylid present in cheek- 
teeth. Metaconid of P4, in respect to corresponding cusp in Ischyromys, 
more anterior in position. ‘The species is named in honor of the late James 
E. Thurston, in appreciation of his important services during the progress 
of the Sespe excavations. 


DESCRIPTION 


The ramus in Sespemys thurstont is heavy, especially the anterior portion. 
The masseteric fossa terminates beneath the posterior border of M1. The 
anterior border of the fossa tends to be distinct and ridged. In No. 464 


1C,. Stock, Proc. Nat. Acad. Sci., vol. 18, 550-554, 2 figs., 1932; Carnegie Inst. Wash. Pub. 
No. 440, art. 3, 15-28, 4 pls., 1933; zbid, art. 4, 29-41, 3 pls., 1933. 
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this character is quite distinct and the fossa is much more pronounced than 
in [schyromys. The mandibular incisor is broad, and the anterior face is 
flat, suggesting the Castoride and the Geomyide, rather than the Sciuride. 

The fourth lower premolar is subtriangular in outline. The trigonid 
possesses a rather large metaconid with a smaller protoconid, the two cusps 
becoming subequal with wear. A short spur extends inward from the pro- 
toconid. A fairly strong anteroposterior ridge connects the protoconid and 
hypoconid. The entoconid is distinct from the hypoconulid ridge, and a 
loph connects the former with the protoconid-hypoconid ridge. The hypo- 
conulid ridge is strong and runs internally from the hypoconid along the 
posterior margin of the tooth. In No. 1397, the apparent presence of the 
hypoconulid is indicated by a swelling in the enamel. The hypoconulid 
ridge is separated from the entoconid by a sharp valley. A small metastylid 
is present between the metaconid and entoconid. This cusp shows a variable 
development in all of the cheek-teeth. 

Little difference is to be noted between the first and second molars. The 
teeth are subquadrate in outline with broad shallow basins, partly interrupted 
by transverse lophs. A strong, anterior marginal ridge is present, but the 
protolophid is represented by a small spur only. The metaconid is anterior 


mMetsa. .ento. 
a Ta Ny _ hyphd. 


Fia. 1—Sespemys thurstoni n. gen. and n.sp. Left M2, approx.x9. Ento., entostylid; hyphd., 
hypolophid; hyld., hypoconulid; hyd., hypoconid; prd., protoconid; ptphd., protolophid; an., an- 
terior marginal ridge; metd., metaconid; metsd., metastylid. These terms do not imply a 
homology of cusps, but are used simply for convenience. 


to the protoconid. A distinct metastylid is present. The entoconid con- 
nects with the protoconid-hypoconid ridge by means of a strong hypolophid, 
but is separated from the well-developed hypoconulid ridge of the hypoconid 
by a distinct valley. 

MB is essentially similar to the first two molars. However, the talonid is 
narrower, the metastylid slightly more distinct, and the metaconid is some- 
what more anterior in position. 


COMPARISONS 


That Nos. 1897 and 464 represent the same species may be subject to 
some doubt. The masseteric fossa of the former is not so sharply defined, 
nor is the jaw so deep, at least so far as can be determined in the fragmentary 
specimen. No differences exist in the molar teeth, but in the fourth lower 
premolar some differences may prevail, chiefly in the relative size of protoconid 
with reference to the metaconid. However, it must be stated that the 
genotype represents a somewhat younger individual than No. 464, and age 
may therefore account for the apparent differences. Whatever relationships 
may be indicated by additional material, a comparison of the two existing 
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specimens hardly yields differences which may be used with certainty, and 
for the present both are regarded as representing the same species. 

The new genus is apparently best assigned to the Ischyromyide, as this 
family is defined by Matthew.! The position of the anterior border of the 
masseteric fossa agrees with that in observed specimens of Ischyromys. A 
distinct entoconid and the imperfect development of crests on a sciurid 
pattern are additional features which place Sespemys in this family. How- 
ever, in development of the anterior marginal ridge on the lower molars and 
in the basined character of the cheek-teeth, Sespemys seems closer to certain 
members of the Sciuride of Troxell? than to Ischyromys itself. 

The new genus Sespemys, when compared with Ischyromys, presents the 
following differences: Masseteric fossa more pronounced, although this 
character is not well shown in the genotype. Lower incisor much broader. 
In P4, entoconid connected to protoconid-hypoconid ridge by a distinct loph; 
metastylid present; metaconid more anterior in position. In the molars, 
the principal anterior cross-crest is formed chiefly by the anterior marginal 
ridge, and not by the protolophid; teeth more basined and basins shallower; 
metastylid present; cheek-teeth less hypsodont; cross-crests in general not 
so strongly developed. 


Measurements (in millimeters) 


Sespemys thurstont Sespemys thurstoni 
Genotype Paratype 
No. 1397 C. I. T. No. 464 C. I. T. 
Las Posas Sespe Las Posas Sespe 
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(a) approximate. 


Adequate illustrations or descriptions of the genus Prosczurus are unfortu- 
nately not available. However, the Sespe form would seem to be generically 
distinct from Prosciurus. The dentition in the latter, as stated by both 
Matthew and Cope, is rather close to that of Sczurus.2 No mention is made 
of the presence of a well-developed hypolophid. Cope records the presence 
of a cusp in the lower molars of Prosciurus relictus4 This structure may 
correspond to the distinct entoconid in Sespemys or to a metastylid, although 
it is rather prominent to be the latter. Since Cope states that he first 
referred the type of P. relictus to Paramys, a form with distinct entoconids 


1W. D. Matthew, Bull. Amer. Mus. Nat. Hist., vol. 28, art. 6, 44-45, 1910. 

2H. L. Troxell, Amer. Jour. Sci., 5th ser., vol. 5, art. 32, 395, fig. 23, 1923. 

3W. D. Matthew, zbid, 63, 1910; E. D. Cope, Report U. 8. Geol. Surv. Terr., vol. 3, Tertiary 
Vertebrata, book 1, 816-819, 1884. 

4k. D. Cope, zbid, 818, 1884. 
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in the lower molars, the former designation may be correct. On the other 
hand, mesostyles are present in the upper molars of Prosciurus vetustus 
Matthew, and the cusp in question may be somewhat anterior in position for 
an entoconid. No trace of a hypolophid can be seen in Cope’s figure of 
P. reloctus.} 

On the whole, Sespemys seems structurally to occupy a position somewhat 
intermediate between [schyromys and Sciurus, but since Prosciurus, a more 
direct ancestor to Sczurus, occurs at approximately the same geologic horizon, 
Sespemys can not be regarded as an ancestor of Sczwrus. Moreover, both 
Sespemys and Ischyromys are too far removed from the main line of sciurid 
evolution to have given rise to forms close to the Recent tree-squirrel. The 
Las Posas Hills genus possibly represents an aberrant ischyromyid, situated 
nearer the main line of evolution of the squirrels than Jschyromys. A more 
complete statement must await not only additional material of Sespemys, 
but also a better understanding of the relationships of the early sciuromorphs. 


Sciurid? species 


A fragment of right ramus with incomplete P4, No. 1513 C. I. T. Coll. 
Vert. Pale., represents a sciurid or prosciurid type distinct from Sespemys 
thurstont. In so far as it can be determined in the fragment available, the 
masseteric fossa hardly extended forward to a point beneath M1, but must 
have terminated posterior to this tooth. This character indicates an ischy- 
romyid, but the incomplete P4 shows typical sciurid characters. In view 
of the fragmentary character of the specimen, definite allocation of No. 
1513 to the Sciuride or to the Ischyromyide of Matthew remains somewhat 
arbitrary. The fourth lower premolar resembles Sczuwrus in general lowness 
of the cusps. However, in depth of basin and in the identation of the external 
margin of the tooth, the specimen is perhaps more like other members of 
the Sciuride. 

Measurements (in millimeters) 
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Palzolagus? species 


This early lagomorph is represented in the collections from the Las Posas 
Hills by a single specimen, No. 1512 C. I. T. Coll. Vert. Pale., an incomplete 
left ramus with P3 to M2. Unfortunately, the specimen is so poorly preserved 
that characters important for its identification are almost_wholly lacking. 

In No. 1512, the incisor apparently originates below M1, as in Palzolagus. 
The anterior edge of the masseteric muscle scar is situated beneath M2. 
P3 is in an extremely unsatisfactory state of preservation, but shows one 
strong external enamel inflection and lacks the small secondary external 
inflection characteristic of Archxolagus. The presence or absence of this 
inflection may remain uncertain, in view of the preservation of the tooth, 
but the external wall possesses two ridges instead of three as found in Archzo- 
lagus. The occlusal surface of the tooth exhibits a structure which may be 
regarded as an internal enamel inflection, but this is not at all certain. The 
internal wall of the tooth forms a shallow groove, extending partly down the 
side, and this may further suggest the presence of an inflection. However, 
the presence or absence of the internal enamel inflection can not be definitely 
established. Palxolagus haydeni ordinarily exhibits a single external and 
internal inflection of the enamel in the third lower premolar. With sufficient 


1E. D. Cope, ibid, pl. 65, fig. 35b, 1884. 
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wear the internal inflection disappears. The external inflection eventually 
disappears also, except for a groove down the side of the tooth. 

The enamel inflections in P3 of the Las Posas lagomorph occur at about 
the mid-point of the tooth, dividing it into two semicircular lobes, the 
posterior one more elliptical, the anterior one apparently slightly drawn out 
at its anterior tip. The cheek-teeth P4—M2 show the posterior lobes joined 
to the anterior lobes at the buccal borders. 


Measurements (in millimeters) 
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PLATE 1 


Sespemys thurstoni n. gen. and n. sp. 


Fic. 1—Fragmentary left ramus with P4, M2, and M3, type specimen, No. 1397 Calif. Inst. 
Tech. Coll. Vert. Pale. Approx. x 4._ 

Fies. 2, 2a, and 2b—Right ramus with P4—M2, paratype specimen, No. 464 Calif. Inst. Tech. 
Coll. Vert. Pale. Fig. 2, lateral view, approx. x 1.3; figs. 2a, 2b, occlusal views, approx. 
Xoleovandexos 


Sciurid? sp. 
Fig. 3.—Fragment of right ramus with P4, No. 1513 Calif. Inst. Tech. Coll. Vert. Pale. 
Approx. x 4. 
Palzxolagus? sp. 


Fias. 4 anp 4a—Fragmentary left ramus with P3-M2, No. 1512 Calif. Inst. Tech. Coll. Vert. 
Pale. Fig. 4, lateral view, approx. x 2; fig. 4a, occlusal view, approx. x 5. 


Sespe Oligocene, Las Posas Hills, California. 
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A NEW SPECIES OF DIPOIDES FROM THE 
PLIOCENE OF EASTERN OREGON 


INTRODUCTION 


Numerous remains of castoroid rodents from the Tertiary of North 
America have been referred to the Old World genus Dipoides Jaeger. 
Apparently, most of the material represents types generically distinct 
from Dipoides, and the genus is actually represented by very few speci- 
mens of fragmentary character. It is not the purpose of this paper, 
however, to present the distinguishing characters which separate the 
true Dipoides from other American beavers with simplified dental 
pattern, but to describe remains of a Dipoides species collected by 
California Institute of Technology field parties in Pliocene beds in the 
region of Rome, Oregon. R. A. Stirton, of the University of Cali- 
fornia, has made a study of the taxonomy and relationships of mem- 
bers of the beaver group and his report on the Castoridz is now in 


press. 
Dipoides stirtoni n. sp. 


Geological horizon and locality—Pliocene lake beds exposed along the 
Crooked Creek drainage, tributary to the Owyhee River, 5 miles southwest 
of Rome, Malheur County, Oregon. 

Type specumen—A left ramus with P4-M3, No. 1662, Calif Inst. Tech. 
Coll. Vert. Pale., Plate 1, figs. 10, 10a. 

Referred material—Several fragmentary lower jaws, including two rami 
of immature individuals with the deciduous molar preserved; a fragment of 
maxillary with M1; numerous isolated upper and lower cheek-teeth and 
incisors; and a number of fragmentary skeletal elements. 

Specific characters—Cheek-teeth prismatic. P4 with antero-internal fold 
well developed and extending to base of tooth. P4 with at least two external 
grooves extending to the base of the tooth, representing two enamel infolds 
as seen in occlusal view. MI and M2 sub-equal. Molars relatively nar- 
rower than in Dipoides major: Schlosser. Size about as in Dipoides cf. 
major from Ertemte and Olan Chorea, Mongolia. The species is named in 
honor of Mr. R. A. Stirton for his work on fossil beavers. 


DESCRIPTION OF MATERIAL 


While numerous isolated cheek-teeth, representing the upper dentition, 
are available from the Rome area, the assignment of these teeth to a definite 
position in the maxillary is in most cases not possible. Even the fourth 
upper premolar, generally determined without much difficulty, does not seem 
to be clearly separable from the first molar. Moreover, in spite of the pris- 
matic structure of the cheek-teeth accompanied by extreme hypsodonty, the 
dental pattern apparently undergoes considerable modification with wear, 
or there is considerable individual variation, which is not likely, or both. 
Hence, the following description of the upper dentition is necessarily sub- 
ject to some doubt. 
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The fourth upper premolar is presumably the largest tooth in the superior 
grinding series. It is rather sharply curved backward and outward. Nor- 
mally this tooth (Plate 1, fig. 5) possesses two external and one internal 
inflections of the enamel with corresponding grooves on the side, which ex- 
tend to the base of the tooth. The antero-external and the internal inflec- 
tions are adjacent and separated by a narrow isthmus of dentine. In rare 
cases, this isthmus is cut through and the antero-external and internal in- 
flections are confluent (Plate 1, fig. 4). In young specimens (Plate 1, fig. 3) 
a third external inflection of the enamel, which is posterior to the other two, 
is present and appears as a fold in the posterior outwardly directed enamel 
loop. This fold is sometimes present with an accompanying groove on the 
side of the tooth which may or may not extend to the base, or without the 
groove, or as an isolated enamel islet. Apparently in P4 of D. stirtoni at 
least two external folds of the enamel are always present and reduction to 
one external fold and one internal fold does not take place. 

The first upper molar is smaller than the preceding tooth and probably 
less curved outward. In No. 1668 (Plate 1, fig. 2), a portion of the maxillary 
with apparently this tooth, a single external and an internal inflection of 
the enamel are present. This stage, however, seems to be present only after 
more or less wear. In another tooth, No. 1691 (Plate 1, fig. 6), identified as 
M1 or M2 and more probably the former, isolated lakes are shown, repre- 
senting the first and third external inflections. Hence, at some stage of wear 
M1 must have a pattern considerably like that of P4. 

The second upper molar has not been positively identified. A tooth, 
No. 1692 (Plate 1, fig. 9), tentatively determined as M2, shows a single 
external and internal inflection. In the young individual the occlusal pattern 
of the tooth may have had other inflections such as are shown in the first 
molar. 

Several isolated grinding teeth have been tentatively identified as third 
upper molars. These teeth, Nos. 1687 to 1690, possess patterns unlike any 
others in the grinding series and agree to some extent with those in a Dipoides 
skull described by Young! from northern China. These teeth are curved 
backward but not noticeably outward. No. 1688 possesses an isolated lake 
corresponding to the first external inflection and two external folds corre- 
sponding to the second and third external inflections. These latter are con- 
fluent internally. The usual internal inflection is also present. This condi- 
tion indicates the presence at an earlier stage of wear of three external and 
one internal inflections of the enamel. In No. 1687 (Plate 1, fig. 1), which 
shows a later stage of wear than No. 1688, the enamel lake has disappeared 
and the most posterior external inflection has become isolated from the out- 
side giving a pattern somewhat like an inverted f}. In still later stages of 
wear the tooth apparently assumes a pronounced sigmoidal pattern. 

The superior incisors differ noticeably from those of Castor in more 
rounded anterior face. In the Recent beaver the incisors are flattened. 

The lower jaw is relatively a little shorter and stouter than in Castor and 
possesses the following differences: (1) Angle with distinct descending por- 
tion; (2) area for muscle attachment at the symphysis extends posteriorly 
past chin and terminates about opposite the anterior portion of MI; (3) 
depression between alveolar border and coronoid greater than in Castor; and 
(4) termination of the incisor apparently somewhat higher in the jaw. Ad- 


1 Chung-Chien Young, Paleontologia Sinica, Series C, vol. 5, Fasc. 3, 11-13, Taf. 1, figs. 5, 
5a, 1927. 
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ditional differences may exist, but the fragmentary character of the fossil 
remains make these characters difficult to determine. 

The inferior incisors of Dipoides, like the superior, have rounded faces as 
opposed to the flattened incisors of Castor. 

The fourth lower premolar (Plate 1, fig. 10a) 1s a large, rather straight 
tooth characterized by one large external inflection of the enamel and two 
internal inflections, the posterior one being the deeper. This pattern is very 
persistent for in only one of twenty-six specimens examined was there any 
indication of a change with wear. In this single specimen the occlusal sur- 
face of the tooth is normal, but the groove on the internal wall of the tooth, 
corresponding to the antero-internal inflection, extends down to a point about 
nine-tenths of the way from the wearing surface and stops. The base of the 
tooth shows a pattern in which the antero-internal inflection appears as an 
isolated lake. 

The first lower molar (Plate 1, fig. 10a) is somewhat smaller than the 
premolar. The second molar (Plate 1, fig. 10a) is sub-equal in size to the 
first. Both teeth apparently invariably possess a single external and in- 
ternal inflection of the enamel. 

The last lower molar is somewhat narrower than the first two, but pos- 
sesses about the same antero-posterior dimensions. It also invariably has 
one external and one internal inflection of the enamel. In addition, in some 
specimens, the anterior loop of enamel possesses a small re-entrant fold 
(Plate 1, fig. 10a). This fold apparently disappears with wear. 

The cheek-teeth as a whole are characterized by extreme hypsodonty. At 
first it was believed that growth was from persistent pulps. However, in 
eighty-nine cheek-teeth examined, two (incidentally from the same indi- 
vidual) were found in which the bases of the teeth were closing. Very few 
cases were encountered in which the lateral grooves, representing the enamel 
folds in the occlusal pattern, did not extend to the base of the teeth. Since 
changes in tooth pattern by reduction of minor folds apparently took place, 
the termination of the minor lateral grooves short of the base of the tooth 
is probably more frequent than observed. 

Two fragmentary right lower jaws, Nos. 1663 and 1664, carry the decidu- 
ous molar. These teeth are relatively short-crowned with distinct roots, and 
the lateral grooves are not so persistent as in the permanent teeth, thus tend- 
ing toward an isolation of the inflections as lakes. Specimen No. 1663 (Plate 
1, fig. 11) carries only DM4. This tooth is a reduced replica of the perma- 
nent premolar except that opposite the tip of the external inflection are three 
isolated lakes arranged in a line. Specimen No. 1664 has MI present in 
addition to DM4. The deciduous molar represents a stage of wear advanced 
over No. 1663, since the permanent premolar is present beneath the milk 
molar, which was not the case in the latter specimen. The enamel lakes op- 
posite the tip of the external inflection are not present, but the antero- 
internal inflection is represented by an enamel lake. 

Several teeth in the collections show patterns in early stages of wear (Plate 
1, figs. 7, 7a, 8, 8a). The occlusal patterns seem to be characterized by three 
inflections from one side and one from the other, and are thus suggestive of 
the earlier and more primitive casteroids from which Dipoides is apparently 
to be derived. The minor folds which are later lost are represented on the 
ve of the teeth by lateral grooves which rarely extend very far down the 
sides. 

Numerous fragmentary remains of the skeleton of Dipoides are present 
in the collection (fig. 1). Unfortunately most of the limb elements are in- 
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complete, so that important information relating to the ratios of the lengths 
of the various limb bones can not be obtained. However, the conclusion was 
reached that Dipoides is certainly not fossorial and, although most of the 
skeletal elements differ from those of Castor in varying degrees of detail, 
that the genus may be amphibious. 

The vertebree are very poorly preserved. None is flattened as are the tail 
vertebre of Castor. 


Fic. 1—Dipoides stirtoni n. sp. Limb and foot elements, Nos. 1698 to 1705, 1707, 1715 to 
1718 Calif. Inst. Tech. Vert. Pale. Coll., natural size. a, femur; 6b, proximal end of tibia; 
c, distal end of fused tibia and fibula; d, right metatarsal I; e, right metatarsal II; f and g, 
right metatarsal III; h and i, right metatarsal IV; j, left metatarsal V; k, distal fragment 
of humerus; J, right metacarpal II; m, left metacarpal III; n, right metacarpal IV; 0, left 
metacarpal V. 

Rome Pliocene, Malheur County, Oregon. 


The humerus is essentially as in Castor, although smaller, as are all of the 
skeletal elements. The element agrees with that of Castor in lacking the 
entepicondylar foramen. The supinator ridge is not so well developed as in 
such fossorial forms as Hpigaulus. 

The ulna resembles very closely that of Castor. The proximal portion of 
the olecranon process, however, projects internally and the process is elongate 
transversely rather than in an anteroposterior direction. The element is 
much less massive than the ulna of Hpigaulus. The proximal end of the 
radius is similar to that in Castor. The distal portion of the shaft is not 
so flattened as in the living genus, and the distal articular surface is notice- 
ably concave. 
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The scapula is incompletely represented. A few fragments of the an- 
terior border are all that have been found. In most of the specimens the 
corocoid process seems more prominent than in Castor, but otherwise no 
differences were noted. 

The manus of Dipoides, exclusive of the phalanges, is represented only 
by a poorly preserved scapho-lunar and the second, third, fourth and fifth 
metacarpals. Compared to the metacarpals of Castor those of the Pliocene 
genus apparently have less flattened, narrower heads and are somewhat 
larger, relative to the metatarsals. In Dizpoides metacarpals II and IV are 
of nearly equal size. The second metacarpal is longer but the fourth is 
perhaps more robust. In the Recent beaver, metacarpal IV is both consider- 
ably longer and more robust than the second metapodial. 

The remains of the pelvis are too fragmentary to be of any value. No 
differences were observed between the fossil genus and Castor. 

The shaft of the femur of Dipoides is less flattened than in Castor, the 
third trochanter is placed higher on the shaft, the great trochanter overtops 
the head to a greater extent; and the neck is longer. The patellar surface is 
also deeper and narrower than in Castor. 

The femoral articulations of the tibia are somewhat more convex antero- 
posteriorly than in the comparable element of Castor. In Dipordes the prox- 
imal tip of the cnemial crest is prominent and projects slightly outward. 
Hence, there is a wide notch between the external facet and the proximal tip 
of the cnemial crest. The outline of the articular surface of the distal end 
is more rectangular than in Castor and the posterior process of the tibial- 
tarsal articular surface is more internal in position. A prominent difference 
which distinguishes Dipoides from Castor lies in the distal fusion of the 
tibia and fibula in the former genus. 

The pes of Dipoides is represented by a tarsus, complete except for the 
external and middle cuneiform; all five metatarsals; and most of the phal- 
anges. In the calcaneum, the tuber calcis is relatively shorter than in Castor, 
the facet for articulation with the cuboid is at a more acute angle with the 
long axis of the bone, and the sustentacular facet is relatively short and 
parallel to the long axis of the caleaneum. The head of the astragalus is not 
so flattened transversely as in Castor and the neck is shorter. The trochlear 
surface in the Recent beaver is flatter than in Dipoides. The navicular is 
relatively broader than in Castor, and the astragalar surface is elongate 
transversely instead of more or less antero-posteriorly. The cuboid also 
is relatively broader than in Castor. The facet for articulation of Metatarsal 
IV is not as concave or as elongate, and the inner facets are more pronounced. 
The inner cuneiform of Dipordes is close to that of Castor, but the bone in 
the former does not narrow so rapidly toward the proximal side and is thus 
more rectangular. 

The metatarsals of Dipoides seem to indicate a foot which was not so 
spreading as that of Castor. Moreover, these elements are not so well de- 
veloped relative to the metacarpals as in the latter genus, indicating per- 
haps a less amphibious habit, if indeed it is to be assumed that Dipoides was 
semiaquatic. The metatarsals of Dipoides are not noticeably flattened dis- 
tally, as seems to be the case in the pes of Castor examined. There are 
besides many differences of detail in which the metatarsals of the two genera 
oe The phalanges of Dipoides are also not so flattened as in the Recent 

eaver. 
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COMPARISONS WITH KNOWN SPECIES 


At the present time only four species of this genus are known; 
Dipoides problematicus, D. sigmodus, D. majori and the present spe- 
cles. Species from the North American Tertiary such as tortus, 
leconter and curtus apparently do not represent Dipoides. D. proble- 
maticus, the type species, and D. sigmodus are from the Tertiary of 
Europe, D. majori from Mongolia and China. 

The type species, Dipoides problematicus from the Bohnerzen of 
Salmendingen,’ is a smaller form than the Rome species. Illustrations 
of D. problematicus show teeth which are less prismatic than those of 
D. stirtom, that is to say the teeth are narrower at the top than at the 
base. Moreover, in spite of the fact that the teeth figured by Schlosser 
are open at the base of the crown, he describes them in the text as 
possessing roots.” If many specimens of D. problematicus are rooted, 
this character seems to distinguish the type species from the New 
World form. As mentioned before, closure of the pulp cavities is rare 
in the Rome material, and even in the single individual in which this 
character is shown, no roots have formed. It is not very probable that 
all of the teeth studied are from young individuals. 

Dipoides sigmodus is from the fluviatile marls under the Palace of 
Justice of Montpellier.» This species has a longer tooth row than 
D. stirtoni and P4 and MI are sub-equal in size.* In P4 of a ramus of 
D. sigmodus the antero-internal fold is represented as an isolated lake. 
However, in another specimen P4 is normal.’ This may indicate a 
greater tendency for the fourth lower premolar to be S-shaped than 
in D. stirtoni. In the Rome species, as mentioned previously, only a 
single specimen shows an isolated lake in place of a re-entrant fold, 
and this isolation occurs below the level of the present wearing surface 
of the tooth. 


The type of Dipoides majori Schlosser is a unique lower jaw with 
M1—M8 and alveolus for P4.° In view of the incompleteness of the 
type, comparisons with our species are difficult to make. In size it 
agrees with large representatives of D. stirtoni. The molar series 
increases in size from front to back, whereas in the Rome type M1 
and M2 are sub-equal. The molars of D. stirtoni are on the average 


1 Max Schlosser, Geol. Pal. Abh., Neue Folge, Band 5, Helt 3, 21-23, Taf. 1, 1902. 

2 Tbid., 21, 1902. 

3 Paul Gervais, Zool. et Pal. Francaises, Paris, 21-22, pl. 1 fig. 18, pl. 8, fig. 10b, 1859. 

TI am indebted to R. A. Stirton of the University of California for important information 


concerning D. sigmodus. Mr. Stirton kindly permitted me to use his unpublished manu- 
script concerning the genus Dipoides. 


5 Paul Gervais, loc. cit., pl. 1 fig. 13, pl. 8 fig. 10b, 1859. 


6 Max Schlosser, Abh. bayr. Ak., der Wiss., II, Cl. 22, Bd. 1, Abth., 40-42, Taf. IT, figs. 14, 
14a, 1903. 
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narrower than in the Chinese type. This is most noticeable in MI, 
least noticeable in M2. Schlosser subsequently described as Dipoides 
ef. majori * some isolated teeth and limb bones from Ertemte and Olan 
Chorea, Mongolia. This material apparently represents a type some- 
what smaller than D. majori and nearly comparable in size to the aver- 
age D. stirtoni. Schlosser believed that the Chinese form might 
represent an individual surpassing the average in size, and refrained 
from erecting a new species. Schlosser’s description of the upper 
cheek-teeth agrees with that based on characters displayed by D. stir- 
toni, when variation due to wear is taken into consideration. His 
figures ? do not appear to check his description but this may be due 
to an error in the figures. 

Schlosser points out as a difference between D. problematicus and 
D. majori that the superior molars of the former “differ from those 
found at Ertemte and Olan Chorea by the separation of the median 
out fold from the inner fold by a thin bridge of dentine.’”’* The only 
dentinal bridge that can be seen in the figures of D. problematicus 1s 
that formed by the first internal and external re-entrant angles. If 
this is the bridge referred to, the superior molars of D. stirtonz, possess- 
ing two external and one internal inflections of the enamel, agree to 
this extent with those of the European form and differ with those of 
the Asiatic type. Two specimens present in the Rome collections, 
however, show this bridge cut through. The fourth lower premolar 
of Dipoides cf. majori may differ from that of D. stirtoni in lacking the 
anterior internal inflection. A figure of P4 shows no inflection but a 
second figure does.* His text does not indicate very clearly which 
pattern is the most characteristic. Schlosser’ figures a number of 
skeletal elements of Dipoides ef. majort. This material agrees with 
that from North America in size and in other characters as well. There 
are apparently minor differences to be noted, but actual comparison of 
material might serve to eliminate even these. 

Young has described a skull of Dipoides from north China as 
D. major... In this specimen the superior cheek-teeth possess only 
a single external and internal inflection. Of the described species of 
Dipoides, the Asiatic species D. majori and its referred material is 
perhaps closest to D. stirtoni. However, the proportions of the lower 
molars appear to be slightly different, and in addition D. majori is 


* Max Schlosser, Paleontologia Sinica, Series C, vol. 1, Fasc. 1, 27-30, pl. II, figs. 11, 29-41, 
1924. 


? Max Schlosser, ibid., pl. IT, figs. 29a, 31, 1924. 
3 Tbid., 28, 1924. 

* Tbid., pl. II, figs. 30, 32, 1924. 

5 Tbid., pl. II, figs. 11, 34-41, 1924. 

* Chung-Chien Young, loc. cit., 1927. 
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probably to be distinguished, as suggested in the above comparisons, 
by a tendency to develop a simpler pattern in the cheek-teeth. The 
development of a less complex pattern would indicate a more advanced 
species. In any event, the geographic separation serves to lessen the 
possibility of specific identity. 


COMPARISONS WITH CLOSELY RELATED AMERICAN FORMS 


Two additional localities in the Tertiary of western North America 
have furnished Dipoides material which appears to be related to that 
of D. stirtoni. Louise Kellogg has described a P4 and M1 of Dipoides 
from Thousand Creek, Nevada, as Dipoides, sp. probably new.* The 
Thousand Creek specimens may possibly represent Dipoides stirtont, 
although with the present incomplete remains it is impossible to 
determine this. In the Rattlesnake collections of the California Insti- 
tute of Technology from eastern Oregon are two fragmentary rami, 


Taste 1—Table of measurements (in millimeters) 


(OA a be (OMI Habe Clee (Opie he 
No. 1662 No. 1665 No. 1666 No. 1667 
Rome, Ore. | Rome, Ore. | Rome, Ore. | Rome, Ore. 


—————$— | | | 


Length of lower tooth row............ 20.3 21.8 22.0 
P4, anteroposterior diameter.......... 6.0 6.5 6.5 6.4 
P4, transverse diameter............... 4.7 4.8 D2 5.1 
M1, anteroposterior diameter.......... 4.8 ee 4.8 5.6 
M1, transverse diameter.............. 4.9 4.7 5.1 4.9 
M2, anteroposterior diameter.......... 4.8 5.2 4.7 5.8 
M2, transverse diameter.............. 4.8 4.6 5.0 4.9 
M3, anteroposterior diameter.......... 5.1 4.8 5.3 
M3, transverse diameter.............. 4.3 4.2 4.3 
Length of diastema between I and P4...| al18.2 i feats GMT 6 


a, approximate. 


a left lower jaw with P4, M2, and M38, No. 1339 C.I.T. Coll. Vert. Pale., 
and a right lower jaw with MI, No. 1340 C.I.T. Coll. Vert. Pale. 
Dipoides stirtoni apparently is to be distinguished from these speci- 
mens by the possession of a deeper, more massive ramus, and possibly 
by more hypsodont dentition. It might be mentioned in this connec- 
tion that the type of D. stirtoni selected, although the most perfectly 
preserved specimen in the Rome collection, is somewhat below average 
in size. 
1 Louise Kellogg, Univ. Calif. Publ., Bull. Dept. Geol., vol. 5, No. 29, 431, fig. 14, 1910. 
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Dipoides stirtoni n. sp. 


Fig. 1, M3?, No. 1687; fig. 2. fragmentary right maxillary with M1. and incomplete M2, 
No. 1668; fig. 3, P4, No. 1695; fig. 4, P4, No. 1697; fig. 5, P4, No. 1696; fig. 6, M1?, 
No. 1691; figs. 7. 7a. little-worn cheek-tooth. No. 1693; fig. 7, lateral view. fig. 7a, 
occlusal view; figs. 8. 8a. little-worn cheek-tooth. No. 1694; fig. 8. lateral view; 
fig. 8a, occlusal view; fig. 9, M2?. No. 1692. All figures approximately x 4. 


Figs. 10, 10a, left ramus with P4-M3, type specimen. No. 1662. approximately x 1.33; fig. 11, 
fragmentary right ramus with DM4. No. 1663. approximately x 2.66; fig. 12, frag- 
mentary right ramus with P4-M2, No. 1667. x 1.33. 


Calif. Inst. Tech. Coll: Vert. Pale. Pliocene. Rome. Malheur County, Oregon. 
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PLANTS IN THE DUNG OF NOTHROTHERIUM 
FROM GYPSUM CAVE, NEVADA 


INTRODUCTION 


Gypsum Cave is situated some eighteen miles east of Las Vegas, 
Nevada, at an elevation of 1500 feet and is surrounded by a typically 
sparse desert flora. During the years 1930 and 1931 the cave was 
systematically excavated by joint expeditions from the Southwest 
Museum, Los Angeles, California, and the California Institute of Tech- 
nology. Among the organic remains uncovered were parts of skeletons, 
desiccated hide, hair and other integumental structures of the extinct 
ground-sloth, Nothrotherium. In addition were found skeletal remains 
of camels and of other vertebrates. 

During the progress of the excavations several layers of dung were 
noted, overlying and intermixed with the sloth remains. A large part 
of this material, which in most cases is in a remarkable state of preser- 
vation, was identified as that of Nothrotherium. The present report 
is based upon specimens obtained from the paleontological collections 
of the California Institute of Technology. 

Identification of the plant tissues in the sloth dung seemed particu- 
larly desirable in order to answer two questions: (1) What was the flora 
of the region at the time the sloth inhabited the cave, and (2) does the 
identification of the flora cast any light on the climatic conditions at 
the time the gound-sloth lived? 

Some identifications of the plant remains comprising the sloth dung 
were presented by Dr. Arthur D. Howard in Mr. Harrington’s book 1 
on Gypsum Cave, published in 1933 by the Southwest Museum. Dr. 
Howard’s list, as given in the report, consists of the following: 


1. Gymnosperme—Pine Family—bark—(possibly “Mexican tea” Ephe- 
dra viridis Cov.) 

2. Joshua Tree—Yucca brevifolia Engelm. Recognized by chitinous saw- 
tooth leaf edges. Also represented by much fiber, some still attached 
to epidermis. 

3. Rushes or grasses—Juncus or Gramine. Epidermis. 

4. Saltbush, Atriplex sp. One or more species present. Compare Spiny 
Saltbush A. confertifolia Wats. Recognized by fruits and fibrous 
portion, or bases of fruit bracts. 


COMPOSITION OF THE DUNG BALLS 


Volumetric determinations were made of two 100 c.c. samples of the 

dung materials, in order to determine approximately the proportion 

1M.R. Harrington, Gypsum Cave, Nevada, Southwest Museum Papers, No. 8, 193-194, 1933. 
31 
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of yucca tissue to other plant fragments present. The determinations 
indicated that fully 80 per cent of the material consisted of yucca. The 
remaining 20 per cent was made up of species listed in table 1, as well 
as of some unidentified material. 


STUDY OF EXISTING FLORAS 


Before attempting any identifications of the plant remains in the 
ground-sloth material, the writers, in company with Dr. A. O. Wood- 
ford of the Geology Department, Pomona College, visited Gypsum 
Cave and vicinity (Plate 1). Specimens of the flora available at the 
time (May 20 and 21, 1933) were collected. This material was killed 
and fixed in the field in order to preserve the histologieal structures 
with as little alteration as possible. Formalin-aleohol (Lynds-Jones 
formula) was used for the purpose. Approximately thirty-five speci- 
mens were collected. Part of the plants comprising this collection came 
from a locality in the Clark Mountains, California, approximately 42 
miles southwest of Gypsum Cave and at an elevation of about 5000 
feet. The plants collected at this locality represent, in most cases, 
types which prefer a higher altitude and more abundant rainfall. 
Yucca brevifolia (Joshua tree), Yucca baccata (blue yucca), Agave 
utahensis (mescal) and Ephedra nevadensis (Mexican tea.) were among 
those obtained. With the exception of Ephedra, which flourishes at 
both localities, none of this group grows in the vicinity of the cave at 
the present time. This point is important and will be considered later 
in the paper. 

The alcoholic material was brought to the laboratory for study, and 
both microscopic and macroscopic methods were applied. For the 
latter work, which fell more especially within Dr. Munz’ field, the ex- 
tensive herbarium of Pomona College was available. 

A systematic histological study of the preserved material was made. 
Permanent type slides, demonstrating the tissue elements of each speci- 
men were prepared. The type slides included both transverse and 
longitudinal sections of stems, leaves, petioles, etc., as well as sections 
of the epidermis separated by maceration methods. Type slides were 
also made of the pollen, hairs and of the calcium oxalate crystals so 
abundant in the Joshua tree and in some of the other plants. Addi- 
tional slides were made from the same materials after triturating in 
order to bring the material into approximately the same condition as 
it occurs in the sloth dung. Both stained and unstained sections were 
prepared. In most cases balsam mounts were preferred, although gly- 
cerine and Farrant’s medium were found to be more suitable in certain 
preparations. 

In the case of the larger leaves, such as those from the yuccas and 
Agave, eight or more epidermal sections were taken from each leaf, since 
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it was found that the cell pattern and disposition of the stomates varied 
with the different parts of the leaf. This point is one of considerable 
importance, since epidermis from the unexposed base of the Yucca or 
Agave leaves is very delicate and has few or no stomates, while that 
from the exposed parts is tough and parchment-like with numerous 
stomates. Tissue fragments of the delicate type might easily be mis- 
taken for that of some hydrophilous plant unless a special study of this 
aspect of the subject has first been made. 


While it is true in general, that the coarser desert vegetation has a 
tough, impervious epidermis, this does not apply in all cases. The 
epidermis of Atriplex (saltbush), for example, is very thin and tenuous. 
Protection from the too intense action of dry air and sunlight is 
obtained by means of inflated hairs which give the plant a highly 
reflecting surface and to which its silvery white color is due. 


In a great many cases some preliminary treatment was necessary 
before the material could be prepared for sectioning. This included 
the use of solvents for removing the deposits of wax, oil or resins which 
coat many of the leaves. This is especially true in the case of Larrea 
(creosote bush). In this instance the leaves are coated with a layer of 
brown pigment and a shellac-like varnish. The plant required re- 
peated treatments with acetone, which was found to be the appropriate 
solvent, before epidermal sections could be made. 


MACROSCOPIC DESCRIPTION OF GROUND SLOTH DUNG 


The large masses of ejecta are generally more or less flattened or 
discoidal in shape and average about 10 or 11 cms. in their largest 
dimension by about 5 or 6 cms. thick (see Plate 2). Most of these 
consist of single masses of material, but frequently several smaller balls 
have been pressed into a single laminated disk. The surface is com- 
monly somewhat smooth and may be glossy with a hard brown coating 
of dried mucus varnish. The vegetable nature of their component 
material is apparent at once. The material is shown in Plate 2. 


When one of the balls is broken, the interior is found to consist of 
a wadded mass of dried vegetable tissue, mostly fiber, with light yellow- 
ish to orange-colored fragments of the tough epidermis of some desert 
plant, which examination proves to be Yucca and Agave. The mate- 
rial seems to have been poorly masticated, since large pieces of the 
woody stems of such plants as Atriplex and E'phedra, up to 3.5 cm. long, 
are of common occurrence. The sharp tips of Yucca brevifolia and 
Agave utahensis also occur. The fragments of epidermis range in size 
from those small enough to pass through a 100-mesh sieve to fragments 
2cm. long. Many of the fragments show the serrated edges common 
to Yucca brevifola, as Dr. Howard has remarked in his report. 
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In addition to the fibers and epidermis, parts of the flower stalk, seed 
pods and entire seeds also occur. In all cases where yucca seeds have 
been observed, these appear to be from Yucca brevifolia. The flat 
black testa has been split in each instance and all indication of the 
contents lost. 


EXAMINATION OF THE MINUS TWENTY MESH FINES 


When one of the dung balls is broken, much fine yellowish powder 
is liberated. Most of this will pass through a 100-mesh screen. The 
pieces which remain after this treatment are found to be mostly epi- 
dermis and fiber. In our examination of this fraction everything 
smaller than 20-mesh was examined as a whole without separating into 
finer fractions. 


This fraction is very important and was made the subject of exten- 
sive examination. One of the striking features of this material is the 
great abundance of crystals, large prisms and bundles of raphides of 
calcium oxalate. Clusters and radiating groups of the same substance 
also occur. Chemical analyses of several samples of this fraction 
showed that fully 50 per cent of the powder consisted of calcium 
oxalate. Nearly all of the residue consisted of such substances as fiber, 
epidermis, hairs, stone cells and pollen. 


Aside from the tissue fragments which were known to be from Yucca 
and Agave, much evidence of other genera was found. It is charac- 
teristic of many desert plants that they part with their epidermis with 
great difficulty. Even after prolonged maceration some of these may 
yield very small fragments. 

Generally, as occurring in the dung, entire leaves have been crushed 
to a pulp, and microscopical examination shows only tiny fragments 
of the epidermis, some still attached to the palisade layer. The sam- 
ples prepared by trituration were of value particularly in the identifi- 
cation of this material. Commonly, these smaller particles are ob- 
scured by a coating of brown resin, which, upon precipitation from 
solution, appears identical with the resin precipitated from Larrea by 
the same method. 

After the acetone extraction, numerous pollen grains were uncov- 
ered. Pollen which appears identical with that from Yucca, Bebbia, 
(nothera, Spheralcea, Typha and from several other plants was 
abundant. Other types, which as yet have not been identified, were 
found. While the pollen grains appear identical with those of the 
species mentioned, both in form and in measurement (Plate 3), the 
writers do not wish to convey the impression that the identifications 
are positive, since the specimens may well be of other closely related 


types. 


PLANTS IN DUNG OF NOTHROTHERIUM 30 


Plant hairs were abundant in this fraction and many of these allow 
of positive identification. An outstanding feature of some of the balls 
is the presence of spiked or tuberculated hairs of Petalonyx (sandpaper 
bush). These are very typical (Plate 9, figs. 7 and 8). Others were like 
those from Bebbia, Aristida, Spheralcea, Encelia and Tidestromia 
(Plate 9). Some of the hairs were still attached to minute fragments 
of the epidermis. This is especially true of Larrea; the hairs and 
clumps of pigment cells were very evident. The sawtoothed margins 
and interlocking, crenate-edged cells of a grass, probably Aristida, were 
not uncommon. 

A few scattered fibers from some coniferous wood, easily identified 
by the presence of bordered pits were found. This is most likely from 
Juniperus utahensis or Pinus monophylla (Plate 4), both of which 
grow abundantly at higher altitudes in the region of Gypsum Cave. 
Ephedra, although belonging to the gymnosperme, does not show this 
characteristic (Plate 4). 

The varying composition of the dung balls, aside from the presence 
of Yucca, which is always the chief constituent, is well shown by an 
examination of the fines. Some samples will exhibit much material 
of Petalonyz, while in other samples evidence of this genus may be 
entirely absent. This may indicate a difference in the feeding range 
from day to day or it may be seasonal. 

It is remarkable that no spines of any of the cacti have been observed 
so far, since these plants are frequently eaten by range cattle in spite 
of the presence of spines. 

Much unidentified material is present in nearly every sample (Plate 
10). One fragment of Yucca with jigsawed serrations has not yet been 
identified. It may be shown later that the specimen is from very 
young leaves of Yucca brevifolia. Some of the unidentified detritus 
may consist of the ova of various insects and the excreta of the same 
organisms. It seems more likely that this material was ingested by 
the sloth while feeding, than that the substances were introduced 
after the dung was deposited in the cave. 


IDENTIFICATION OF THE LARGER FRAGMENTS 


Large pieces of epidermis were removed from the broken mass of 
ejecta after macerating in warm water. It may be remarked at this 
point, that this treatment produced a strong aromatic odor, which is 
typical of the strongly scented plants upon which the sloth fed. No 
animal odor was apparent. The large fragments were removed with a 
forceps and, as usual, treated with a weak solution of hydrochloric 
acid to remove the encrusting layer of calcium oxalate which was 
nearly always present. The sections were then stained and mounted, 
before subjecting them to examination. It was a rare occurrence for 
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the large fragments to be other than those of the epidermis of Yucca 
brevifolia and Agave, although Yucca baccata and Yucca mohavensis 
were observed in a few cases (Plates 5 to 8). All the specimens from 
the sloth dung stained as readily as fresh material. This is remark- 
able when the probable age of the material is considered. 

In general, the fibrous portion of the dung balls, with the exception 
of yucca fiber, defied identification. A few specimens of the twigs of 
Ephedra, showing the fibers with their typically spatulate ends, were 
found. In table 1, a list is given of all the plants collected both at 
Gypsum Cave and at the Clark Mountain locality. The righthand 
column indicates the species which were identified on the basis of mate- 
rial found in the dung balls. 


DIFFERENCES IN PLANT ASSEMBLAGES OCCURRING IN DUNG 
OF GROUND SLOTH AND WILD BURRO 


The writers believed that it might be significant to compare the 
plant tissues found in the sloth dung with that of an animal feeding 
on the same range today. The burro was selected since feral burros 
are common in the desert. The ejecta from these animals were col- 
lected near the cave and examined in the same way as were those of 
the ground sloth. Yucca, Agave, Ephedra and Petalonyx were en- 
tirely absent. Atriplex and grasses, including types which closely 
resemble Aristida, were abundant. Remains of Spheralcea and other 
herbaceous plants were common. The burro material was more com- 
pletely masticated than that from the sloth and seemed to be more 
completely digested, if the dissociation of the fibrous material into 
its component parts is to be considered as an indication. The differ- 
ence in type between the coarse fibers of the yuccas and the more 
delicate fibers of the smaller plants is to be borne in mind. 


CONCLUSIONS 


All the foregoing evidence indicates that Nothrotherium was pre- 
eminently a yucca-feeder, while living in the vicinity of the cave. 
Other plants were eaten, but only secondary to the yuccas and plants 
of the same type. The presence of Typha (cat-tail) indicates that 
plants growing near water were eaten when available. Yucca brevi- 
folia and Agave utahensis are not found near the cave at the present 
day, but are common in the Clark Mountains and other high localities 
where less arid conditions prevail. 

With the exception of the yucca with jigsawed serrations, the plants 
so far identified are all of well-known types. There is every reason 
to believe that when one views today the vegetation of the Clark 
Mountains (Plate 11), one sees the same type of plant environment 
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in which the ground sloth lived when it inhabited Gypsum Cave. In 
general, the plant assemblage represented in the sloth dung is found 
today only at elevations 3000 or more feet higher than Gypsum Cave. 
In other words, at the time when ground sloths, and perhaps man, 
inhabited Gypsum Cave, the climate was distinctly more humid than 
it is today. Whether that moister age was Pleistocene or Recent re- 
mains an open question. 


TasLtE 1—Comparative list of plants from southern Nevada. 
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Fie. 1—View looking southwest from limestone ridge in which Gypsum Cave is located, 
showing presence of extremely scant vegetation. C.I.T. Photograph No. 651. 


1G. 2—View looking south from site of Gypsum Cave. Scattered clumps of dark brush are 
Larrea. C1.T. Photograph No. 652. 


Puatr 2 
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Nothrotherium shastense Sincl 


Lower figure shows fibrous internal structure of dung. 


Typical dung ball. 
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DESCRIPTION OF PLATE 3 


1—Larrea divaricata Cav. 

2—Larrea divaricata Cav.? 

3—Typha angustifolia Linn. 

4—Typha sp. 

5—GWnothera cespitosa var. marginata (Nutt.) Munz. 


6—WMnothera sp. 
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Comparative views of Recent pollen (figs. 1, 3, 5) and pollen from minus 20-mesh 
fraction derived from dung of Nothrotherium shastense, Gypsum Cave, Nevada (figs. 2, 4, 6). 
All figures x 300. 


DESCRIPTION OF PLATE 4 


. 1—Pinus monophylla Torr. Fibers from young wood showing bordered pits; x 300. 
. 2—Ephedra nevadensis Wats. Surface view of epidermis; x 300. 

. 3—Ephedra. First sub-surface view; x 75. 

. 4—Hphedra. A single stomate; x 300. 


. 5—EHphedra. Transverse section of epidermis. A stomate with closed guard cells is 


shown at A; x 300. 


. 6—Ephedra. Fibers staining violet with chloroiodide of zine (cellulose). The spatu- 
late ends of the fibers are typical; x 300. 
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Histological characters determined in Recent plant tissues. Where comparable structures 
have been identified in plant remains from the Nothrotherium dung, no figures of the latter 
material are included. 


DESCRIPTION OF PLATE 5 


Fig. 1— Surface view of outer layer of cells of the epidermis. The rounded ends of the cells 
~ “with their disposal around a stomate rift are shown at right of figure; x 300. 
Fig. 2—First sub-surface view of epidermis showing reticulated cell pattern and modified 
epidermal cells bordering a stomate rift; x 75. 


Fie. 3—A single stomate in association with cells of reticulated layer. In Yucca brevifolia 
and Yucca mohavensis, stomates lie in chainlike groups at bottoms of stomate rifts; 


x 300. 


Fig. 4—Transverse section through epidermis and part of palisade layer. At A-A are shown 
profiles of two stomate rifts. Guard cells of a stomate are shown at B; x 75. 


Fig. 5—Transverse section through four cells of the epidermis. At A is shown group of cells 
composing epidermis proper. This includes cells of reticulated layer indicated by B. 
A surface view of this group of cells is shown at D. At E are cells of reticulated 
layer whose ends, shown in profile, constitute the line of cells shown at B. 


Layer A has an average thickness of from 80 to 100 microns; x 250. 
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Yucca brevifolia Engelm. (Type material) Recent, Mohave Desert. California 


Fig. 


Fic. 


Fig. 
F Ig. 


Fic. 


DESCRIPTION OF PLATE 6 


1—-Surface view of outer layer of cells of epidermis; x 300. 


2—First sub-surface view of epidermis. The tendency to form long rifts of stomates 
is not so pronounced in Yucca mohavensis as in Yucca brevifolia, but frequently 
oceurs; x 75. 


3—A single stomate; x 300. 
4—Transverse section through epidermis; x 75. 


5—Transverse section through epidermis; x 250. 
oS 
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DESCRIPTION OF PLATE 7 
1—Surtace view of outer layer of cells of epidermis showing papillose surface of cells. 
This characteristic is a constant feature of Yucca baccata;: x 300. 
2—Surtace view of epidermis. Absence of stomate rifts is to be noted; x 75. 
3—First sub-surface view of epidermis. Conjoined stomates are common; x 300. 


4—Transverse section through epidermis. Relatively thin epidermis, absence of sto- 
mate rifts, and papille with their granular surfaces, indicated by stippling, are 
shown; x 75. 


5—Transverse section through cells of epidermis; x 250. 
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DESCRIPTION OF PLATE 8 


Fie. 1—Surface view of epidermis; x 75. 
Fig. 2—First sub-surface view of a single stomate; x 300. 
Fic. 3—Transverse section through epidermis: x 75. 


Fic. 4—Transverse section through a stomate. The stomate vase commonly shows a granular 
deposit as indicated in the figure; x 250. 
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Agave utahensis Engelm. Recent, Mohave Desert, California 


DESCRIPTION OF PLATE 9 


Hair and epidermis of a grass (Aristida 7) from minus 20-mesh fraction from the dung of 
Nothrotherium shastense (figs. 2.and 4) compared with Recent material (figs. 1 and 3). The 
small bean-shaped knobs, which are common on grass fragments from the fines, are isotropic 
and have an index of refraction which is distinctly lower than that of the cellulose-like 
material lying beneath. The index is probably below that of balsam and the findings are 
not compatible with the view that they consist of opaline silica. 


IPE. 
FIG. 
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Fig. 


1—NSpheralcea ambigua Gray. Stellate hair of leaf; x 240. 
2—NSpheralcea? x 300. 

3—Aristida reverchoni Vasey. Epidermis of stem; x 300. 
4—Grass. Probably Aristida; x 300. 


5—Yucca brevifolia Engelm. Recent, Mohave Desert, California. A single serration; 
x I 5e 

6—Unidentified yucca from minus 20-mesh fraction from the dung of Nothrotherium. 
Compare jigsawed serration with that of Yucca brevifolia; x 75. 


7—Petalonyx nitidus Wats. Recent, Mohave Desert, California. <A single spiked hair. 
The slender, sharply pointed type shown and shorter, bluntly terminated hairs may 
occur on same leaf; x 250. 


8—Petalonyx sp. From minus 20-mesh fraction from dung of Nothrotherium; x 250. 
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Unidentified material from minus 20-mesh fraction from dung of Nothrotherium shas- 
tense. Objects shown are of constant occurrence in this fraction, but their origin has not 
been determined; x 300. 
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TOOTH CHARACTERS OF PROTOHIPPINE HORSES 
WITH SPECIAL REFERENCE TO SPECIES FROM 
THE MERYCHIPPUS ZONE, CALIFORNIA 


INTRODUCTION 


The critical review of equine tooth characters attempted in this 
paper is the result of a study of the protohippine horses obtained from 
the Merychippus Zone of the north Coalinga district, California. Dur- 
ing the conduct of extensive excavations in this zone since 1928 by the 
California Institute, more than two thousand teeth of the genus Mery- 
chippus have been collected. In addition to the types represented by 
the equine material, a number of associated land mammals have been 
secured. The faunal list, which includes some fifteen species, suggests 
that this locality occupies a stratigraphic position approximately late 
middle Miocene in age. __ . 

The variation displayed in the dental characters of the merychippine 
material from the Merychippus Zone necessitated comparisons with 
cheek-teeth of Equidse from practically all of the Miocene formations 
furnishing vertebrate remains in the Pacific Coast and Great Basin 
Provinces. A comprehensive study of these collections clearly dem- 
onstrates that many of the cheek-tooth characters employed in the 
description of type specimens of fossil horses are variable to an extent 
which renders them unreliable in a determination of species. The 
variation of these characters within a large collection also indicates 
that it is possible for teeth referable to a particular species to have 
a wider stratigraphic range than has been hitherto appreciated. The 
conclusion is reached that the presence of a species has less value in 
reaching an age determination of the strata in which it occurs than 
evidence furnished by an association of several species. 


Indebtedness is acknowledged to the Museum of Paleontology, Uni- 
versity of California, for a generous loan of fossil material, including 
type specimens, from the Barstow and Mascall formations. The writer 
takes this opportunity to thank Dr. Chester Stock for advice given 
during the course of the investigation. ‘The illustrations have been 
prepared by John L. Ridgway. The enamel patterns of cheek-teeth 
reproduced in the text were accurately outlined on photographs of the 
specimens. The photographic prints were then treated in a bleaching 
solution, which obliterated the photograph but did not affect the ink 
outline. 
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DESCRIPTION OF MATERIAL 
Merychippus brevidontus n. sp. 


Type specimen—P3, No. 1414, Calif. Inst. Tech. Coll., Merychippus Zone, north Coalinga 
district, California. (Plate 1, figs. 3-3b.) 

Paratypes—P4, No. 14138; M2, No. 1408; M1, No. 1422; Calif. Inst. Tech. Coll., Mery- 
chippus Zone, north Coalinga district, California. (Plate 1, figs. 6-8.) 

Referred specimens—Series of upper and lower cheek-teeth, Nos. 1409-1412, 1415-1421, 
1423-1432, Calif. Inst. Tech. Coll., Merychippus Zone, north Coalinga district, California. 
(Plate 1, figs. 4-4b, 5-5b, and Plate 2, figs. 4-12.) 

Specific characters—Crowns of cheek-teeth fully hypsodont but extremely short relative 
to size of cross-sections. Enamel pattern of upper and lower cheek-teeth highly complex 
with complexity continuing almost to base of crown. 


This species is represented in the collections by approximately seventy- 
five upper and lower cheek-teeth. The species is found also in formations 
of middle Miocene age at Virgin Valley, Nevada, and Skull Spring, eastern 
Oregon. 

The principal character is the great complexity of the enamel pattern, 
associated with fully hypsodont but relatively short crowns. In unworn 
teeth the average height of crown is 20.5 mm. The maximum measurement 
was 23.4 mm. and the minimum 18.7. The cross-sectional area is comparable 
in size to that seen in the type of Merychippus isonesus Cope. As many as 
seventeen enamel folds have been observed on the borders of the fossettes. 
The pli-caballin is sometimes tripartite, is never absent and rarely single. 
At the juncture of the protoloph and the metacone, the prefossette is some- 
times incompletely enclosed on relatively unworn teeth. In such instances 
the lingual end of the protoconule shows a curious increase in number and 
in arrangement of plications. The protocone usually possesses a spur extend- 
ing toward the protoconule. The hypocone is flattened and elongate. The 
long axis of this cusp is oriented usually in an anteroposterior direction. The 
cusp is often twice as long as the protocone and is frequently not connected 
with the metaconule. 

The average height of crown of the inferior cheek-teeth is 21.3 mm. The 
number and type of plications of the enamel walls are unique for a tooth 
of this size, the complexity frequently approaching that seen in lower 
teeth referred to Hipparion mohavense Merriam. The metaconid-metastylid 
column usually occupies well over one-third of the anteroposterior width 
of the crown and remains separate throughout the wear of the tooth. The 
entoconid extends far across the lingual valley and frequently touches the 
metaconid. The internal walls of the protoconid and hypoconid usually 
carry several plate-like projections or crenulations of enamel. The teeth 
are well cemented. 

The type of Merychippus sphenodus Cope presents a similar type of enamel 
pattern, but exhibits a much higher crown. M. brevidontus differs from 
M. seversus Cope (fig. 2, e to 1) in complexity of the enamel pattern, shortness 
of crown and in larger cross-sectional area of crown. Teeth of M. seversus 
are considerably higher crowned. The type of M. relictus Cope is also smaller 
in cross-section than in the Californian form and the enamel pattern is char- 
acterized by its simplicity. Moreover, unworn teeth referable to M. relictus 
(fig. 2b and 2d) have a height of crown comparable to that in M. isonesus 
Cope. M. westoni Simpson and M. gunteri Simpson approach the small Coa- 
linga species in shortness of crown. However, the teeth in the Florida species 
seem to possess a much simpler enamel pattern. M. brevidontus is distin- 
guished from M. zsonesus (fig. 3a to 8m) by its shorter crown and more com- 
plex enamel pattern. In his description of the Miocene horses from the Sheep 
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Creek and lower Snake Creek horizons of western Nebraska, Matthew * refers 
to a collection of very short-crowned teeth. Although not certain of their 
affinities, Matthew regarded them as belonging to a form distinct from the 
M. paniensis group. Nearly all of these specimens are unworn teeth and a 
comparison of the enamel pattern with that of M. brevidontus is consequently 
difficult. The size of crown comes close to that of M. brevidontus. It is 
possible that these forms are sufficiently similar as to be specifically related. 
It is interesting to note that, as in the case of the large collection from the 
north Coalinga horizon, those from the Sheep Creek and lower Snake Creek 
horizons contain, along with a large number of normal-sized teeth of Mery- 
chippus, a few very short-crowned teeth whose characters do not grade into 
the larger and highly variable group. It may be mentioned that up to the 
present time these small forms have always been found in association with 
a progressive species of Parahippus. 


65/ (G 


Fig. 1—Merychippus californicus Merriam. Referred specimens. a, composite upper cheek- 
tooth series, No. 1405; b, c, individual lower cheek-tooth series, Nos. 488 and 651; 
x1. Calif. Inst. Tech. Coll., Merychippus Zone, California. (Specimens show aver- 
age grouping of characters seen in teeth from the Merychippus Zone.) 


Merychippus californicus Merriam 


Type specimen—M1, No. 21247, Univ. Calif. Coll. Vert. Pale., Merychippus Zone, north 
Coalinga district, California. 

Referred specimens—A composite series of upper cheek-teeth, P2-M3, No. 1405; mandibles 
with all cheek-teeth present, Nos. 488 and 651, Calif. Inst. Tech. Coll., Merychippus Zone, 
north Coalinga district, California. (Fig. 1-lc.) 


The material from the Merychippus Zone consists almost entirely of 
scattered teeth and fragments of limb elements. In the entire collection no 
associated upper cheek-teeth are present. Three more or less complete 
mandibles were collected during the progress of the excavations. The limb 
bones have suffered considerably from abrasion, presumably during trans- 
portation in water. Skeletal materials are so fragmentary and are usually 
so well worn that they possess little taxonomic value. 


1W. D. Matthew, Bull. Amer. Mus. Nat. Hist., vol. 50, 159, 1924. 
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The amount of variation (figs. 3 to 6) seen in over two thousand teeth refer- 
able to this species makes it impossible to find any one character sufficiently 
unique to afford a constant distinction between Merychippus californicus 
and many of the specific forms belonging to this genus. Some of the teeth 
in the collection are specifically inseparable from specimens of M. sumant 
Merriam (fig. 5) from the Barstow. Others can not be distinguished from 
the type of M. tsonesus (figs. 3 and 4). In like manner, selections can be 
made of teeth whose characters approach those of most of the described 
species of Merychippus. Only when the collection is regarded as a whole can 
differences be recognized. 

For the superior dentition, referred specimen No. 1405 (fig. 1a) Calif. Inst. 
Tech. Coll. is seen to be considerably more typical of the group than is the 


Fig. 2—a, Merychippus primus Matthew, composite upper cheek-tooth series of referred 
specimens showing extent of variation of enamel patterns, Sheep Creek middle 
Miocene, western Nebraska. b, Merychippus relictus (Cope), referred specimen, 
upper cheek-tooth series of one individual shows type of pattern of small teeth 
that may be referred to this species, Skull Spring middle Miocene, eastern Oregon. 
ce, d, Merychippus relictus (Cope), referred specimens, Skull Spring middle Mio- 
cene, eastern Oregon. e to i, Merychippus seversus (Cope), referred specimens 
showing types of variation of enamel pattern of small teeth referable to this species. 
Mascall middle Miocene, eastern Oregon; x1. (Specimen numbers designated 
“U.C.” from Univ. Calif. Coll.; without designation, from Calif. Inst. Tech. Coll.) 
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type specimen described by Merriam. However, it should be noted that 
some of the Merychippus teeth in the collections of the University of Cali- 
fornia from the Barstow Miocene, closely approach No. 1405. As is shown 
in this specimen, the union of protoconule with metaloph, to enclose the pre- 
fossette, is incompletely established in the premolars, and the lingual end 
of the protoconule is greatly plicated. These characters are present in ap- 
proximately 70 per cent of all premolars of M. californicus from the Mery- 
chippus Zone, whose crowns have been less than half removed by wear. The 
prefossette is nearly always found completely enclosed in well-worn pre- 
molars and is always so in molars. Frequency of occurrence of an open 
prefossette in the premolars is apparently the most distinctive character 
found in the permanent teeth from the Merychippus Zone. It should be 
noted, however, that an open prefossette has been observed in a number of 
equine species and genera, among which may be mentioned: Specimens 
referred to M. isonesus from the Skull Spring locality in eastern Oregon; 
M. sumam and M. intermontanus from the Barstow; Hipparion mohavense 
and Plhohippus tantalus from the Ricardo of the Mojave Desert; and in at 
least five additional species found in the Great Plains region. The relatively 
small collections at hand from the several localities mentioned above make 
it impossible to determine accurately the incidence of occurrence of this 
character in these species. The material studied seems to indicate that the 
number of specimens with open prefossette is proportionately less. How- 
ever, this character must be used with caution when employed in the identi- 
fication of a merychippine species. 

The lower cheek-teeth from the Merychippus Zone, exclusive of those 
referred to M. brevidontus, present no characters which serve to distinguish 
them from comparable teeth of most species of Merychippus. 

The deciduous teeth of Merychippus californicus possess characters of 
greater taxonomic value than those of the permanent dentition (Plate 2, figs. 
1 to 3). Compared to M. isonesus and similar species, the superior milk 
teeth in M. californicus are higher crowned, well cemented and the protocone 
and hypocone are cylindrical rather than conical. The hypocone is oriented 
with principal axis in an anteroposterior direction rather than in a diagonal 
direction, as seen in the Mascall species. The crescents are well developed 
and the fossettes completely formed, so that the Coalinga milk teeth resemble 
those of the permanent dentition. In M. isonesus, the deciduous premolars 
have a “Parahippus-like” appearance. The principal difference between the 
teeth from the Merychippus Zone and those from the Barstow 1s largely one 
of size, the latter being as a rule considerably larger. In size alone, the 
Coalinga specimens are more nearly comparable to those of M. rsonesus, 
while the milk teeth from the Barstow are similar to corresponding teeth 
of Protohippus. 

The inferior milk teeth from the Merychippus Zone are sometimes more 
than twice as high-crowned as average specimens from the Mascall. These 
teeth carry a thin deposit of cement along the lingual side. The external 
valley is well filled with cement. Compared to corresponding teeth from the 
Barstow, the Coalinga specimens are smaller, shorter crowned, but equally 
as well cemented. 

It may appear from the foregoing description that the specific status of 
Merychippus californicus is questioned. Since some of the teeth are similar 
in character to the type of M. isonesus, it might be concluded that the 
Coalinga horse represents that species. On the other hand, an equal number 


1 J. C. Merriam, Trans. Amer. Philos. Soc., n. s., vol. 22, pt. 3, 9, 1915. 
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Fig. 3—a to m, Merychippus isonesus (Cope), referred specimens from Mascall middle 
Miocene of eastern Oregon showing some types of variation of enamel pattern; 
n to q, Merychippus californicus Merriam, referred specimens from Merychippus 
Zone showing types of enamel patterns similar to M. isonesus; x1. (Specimen 


numbers designated “U. C.” from Univ. Calif. Coll.; without designation, from 
Calif. Inst. Tech. Coll.) 
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of teeth from the Merychippus Zone have characters which approach those 
of the type of M. sumam. Specimens are available which approximate those 
of additional species belonging to Merychippus. Arbitrary assignment of 
the entire group to a described species other than M. californicus involves a 
procedure of little or no value, since such reference may be made with equal 
right to any one of a number of types. On the other hand, the collection 
may well be regarded as comprising teeth of several distinct, merychippine 
species. Were such a view adopted, however, a number of teeth would of 
necessity be recognized as possessing intermediate structural features and 
could consequently be regarded as characteristic of additional specific types. 
Rather than adopt a procedure which would become extremely unwieldy, 
it appears more desirable to retain within the Merychippus californicus 
group all these variant forms, with the referred specimen, No. 1405 (fig. 1a), 
presenting the average grouping of characters seen in teeth from the north 
Coalinga Zone. The latter is distinct from all other type specimens of 
merychippine species. No. 1405 may be regarded as typifying in its char- 
acters the species Merychippus californcus. 


VARIATION IN CHEEK-TOOTH CHARACTERS OF FOSSIL HORSES 
AND ITS STRATIGRAPHIC SIGNIFICANCE 


Since characters of the teeth of fossil horses are of considerable 
importance, not only in a determination of species but also in making 
a determination of the stratigraphic position of fossil material, it is 
important to acquire information concerning the variation and relia- 
bility of dental characters in these forms. The material from the 
Merychippus Zone offers opportunity to study the variation of cheek- 
tooth characters as exhibited in a large number of individuals, all 
referable to a single species. An attempt has been made, therefore, 
to determine the extent to which each character varies and to indicate 
the limits within which these characters can be safely used in their 
application to stratigraphy. 

The collections from the Merychippus Zone were obtained at Local- 
ity 108, Calif. Inst. Tech. Vert. Pale., in a zone of sandstones and con- 
glomerates approximately three feet in thickness. Deposition of the 
sedimentary beds probably required a relatively short period of geo- 
logic time. The fossil remains represent presumably a cross-section 
of the Equide, as this group existed during the unit of time recorded 
in the accumulation of the deposits of the Merychippus Zone. The 
small amount of time which elapsed during this deposition makes the 
possibility rather remote that the variation in tooth characters is due 
to progressive evolutionary changes within this merychippine species. 
Actual counts made of particular teeth in the cheek-tooth series indi- 
cate the presence of nearly two hundred individuals in the collections. 

In approaching the study, a list was compiled of the cheek-tooth 
characters used by all known authors in describing species of the 
Equidee with hypsodont teeth. This list shows that attempts have 
been made to employ more than fifty different peculiarities of tooth 
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structure in the definition of species. The variation of each of these 
characters and its relation to the variation of all other characters was 
then observed in more than two thousand teeth from locality 108. In 
addition, comparisons were made with teeth from practically all 
Tertiary vertebrate horizons of the Pacific Coast and Great Basin 
Provinces. 

It is not the purpose in the following discussion to invalidate a large 
number of described equine species. Nor is the account to be con- 
strued as an attempt to destroy the value of horse teeth as stratigraphic 
markers. Rather is it to be regarded as an effort to point out the 
degree to which characters of teeth of fossil horses vary, and to suggest 
methods by which such characters can be more accurately and reliably 
defined for stratigraphic purposes, especially with reference to the 
limits within which geologic age assignments may be made. 


CONSIDERATION OF SINGLE CHARACTERS 


As previously demonstrated by Gidley,’ the factors responsible for 
differences in the enamel pattern of cheek-teeth may be divided into 
two groups: (1) Stage of wear of an individual tooth, and (2) indi- 
vidual variation. 

As a single tooth is worn to the base of the crown, various changes 
in the enamel pattern and in the diametral ratios take place. The 
maximum complexity of the enamel pattern occurs when approxi- 
mately the first one-fifth of the crown has been removed by wear. 
From this stage onward the complication of the enamel folds gradu- 
ally decreases, the simplest pattern appearing at the base of the 
crown. The enamel pattern in both superior and inferior cheek- 
teeth, whose crowns have been worn almost to the base, is very simple. 
In such instances, it is practically impossible to reach more than an 
approximate determination of the type. Where the evolutionary stage 
represented by such a tooth is transitional between two genera, an 
assignment to either genus is questionable. 

The maximum anteroposterior diameter in all cheek-teeth is situated 
near the summit of the crown in an unworn tooth. This diameter 
decreases gradually with wear. The transverse diameter gradually 
increases toward the base, usually becoming greater than the antero- 
posterior diameter in well-worn teeth. Ratios involving the use of 
these two diameters change materially with age. It follows therefore 
that the diameters and proportional ratios of a molar-premolar series 
may also vary with age. A large number of observations seems to 
indicate that the rate of change of these diameters and ratios is vari- 
able. Consequently, comparisons based upon these characters have 
little value. For purposes of comparison, only teeth that have attained 


1J. W. Gidley, Bull. Amer. Mus. Nat. Hist., vol. 14, art. 9, 1901. 
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the same stage of wear should be used and comparisons should be 
limited preferably to teeth in early stages of wear. In the following 
discussion of the variation of cheek-tooth characters, observations 
have been limited to teeth whose crowns have been less than one-third 
removed by wear. 

Among the numerous cheek-tooth characters employed by various 
authors, it appears especially desirable to discuss the following points. 


SUPERIOR CHEEK-TEETH 


Protocone—The shape, orientation and position of the protocone 
have been frequently used as specific characters. In the collections 
from the Merychippus Zone this cusp, while usually separate to the 
base of the crown, may also be found connected with the protoconule 
at any stage of wear. The cusp may be round or greatly flattened. 
When elliptical in cross-section, the orientation of the long axis may 
be in any direction. A spur or process extending toward the proto- 
conule varies in size and is frequently absent. The enamel wall of this 
cusp is seen to be either inflated or indented. Its position with refer- 
ence to other parts of the occlusal surface is variable. In addition, all 
characters vary with the wear of the tooth. In Merychippus, as in 
succeeding genera, separation of the protocone seems to be linked with 
the complexity of the enamel pattern. A protocone connected with 
protoconule at an early stage of wear is to be found more often in teeth 
whose enamel pattern is simple. A discrete protocone, on the other 
hand, is frequently found associated with more complex types of 
enamel patterns. This association exists throughout the geologic his- 
tory of the genus Merychippus and appears to indicate that the major 
tooth characters, which distinguish Hipparion and Pliohippus, were 
foreshadowed long before the period when these genera appeared. A 
discrete protocone is of value in distinguishing Hipparion from Plio- 
hippus or Protohippus. Its use in separating a primitive Hipparion 
from a progressive merychippine form, whose characters are approach- 
ing those of the former genus is of no value. A spur on the protocone 
is more characteristic of Merychippus than of Hipparion, but this char- 
acter must be used with caution, since it has been observed in a few 
teeth referred to Hipparion and is frequently absent in Merychippus. 
Moreover, in those merychippine forms regarded as ancestral to Hip- 
parion, and in Hipparion as well, a progressive tendency is noted toward 
enlargement of protocone in an anteroposterior direction and develop- 
ment of this cusp at the expense of the hypocone. Consequently, the 
latter cusp is displaced more and more toward the rear of the tooth. 
While the protocone may be employed on occasion to distinguish 
Merychippus and Hipparion, the numerous exceptions which have been 
noted obviate the possibility of general application. 
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Fig. 4—Merychippus californicus Merriam. a to t, referred specimens showing variations 
of enamel patterns similar to M. isonesus; x1. Calif. Inst. Tech. Coll., Merychippus 
Zone, California. 
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In Protohippus and in Pliohippus the protocone is always connected 
with the protoloph. In Protohippus the protocone is nearly equal to 
the hypocone in size and is sometimes connected with that cusp. The 
distinction between Protohippus and Merychippus as based on this 
cusp is usually fairly well marked; although in species situated near 
the border line between the two genera, the distinction is by no means 
so clearly defined. In Pliohippus the protocone also tends to become 
larger, but unlike that in Hipparion this cusp remains connected with 
the protoloph and develops progressively toward the anterior side of 
the tooth. The forward extension of the protocone on the anterior 
side of the isthmus clearly distinguishes Equus from Pliohippus. A 
study of material referable to Plesippus indicates that the use of 
the characters of this cusp in the definition of the latter genus is open 
to question. 


The protocone presents by far the most characteristic structure of 
the occlusal surface. In fact, cheek-tooth characters of most of the 
genera are built around this cusp. While it is of great value in dis- 
tinguishing the major lines of evolution in the Equide, its variations, 
as exhibited by the collection from the Merychippus Zone and by 
those from other Tertiary localities, are quite diverse within individual 
genera. Its use as a specific character is negligible and its value from 
the standpoint of stratigraphy is limited to two time stages for each 
genus, in that the progressive and primitive forms of a genus may be 
distinguished by the modification of the protocone. In intermediate 
stages the extent of variation would probably always include types 
comparable to the end stages as well. 


Hypocone—In the material from north Coalinga, the hypocone is 
seen to vary in much the same manner as the protocone. It is some- 
times found separate from the metaloph at a late stage of wear. It 
assumes a variety of shapes from round to flat. The position of the 
hypocone, relative to the other cusps, varies to a noticeable degree. In 
size, this cusp is usually, though not always, smaller than the proto- 
cone. The relative size of these two cusps 1s of little value as a dis- 
tinctive character, however, since the hypocone is usually smaller than 
the protocone throughout the history of the Equide. In Hipparion 
the hypocone is pushed backward with development of the protocone. 
With the exception of the modification of the cusp in this genus, no 
evolutionary changes of stratigraphic value seem to have occurred. 


Hypostyle and Pli-Caballin—These features of the occlusal surface 
are merely reflections of the complication of the enamel pattern. In 
a tooth in which the enamel pattern is simple, the pli-caballin is single 
or absent. Intricate enamel patterns are associated with a pli-caballin, 
which may be double or tri-partite. In like manner, the number of 
plications in the area designated as the hypostyle seems to be a func- 
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Fig. 5—a to f, Merychippus sumani Merriam, referred specimens showing examples of varia- 
tion of enamel pattern. Univ. Calif. Coll., Barstow upper Miocene, California; 
g to r, Merychippus californicus Merriam, referred specimens showing types of 
enamel patterns similar to M. sumani; x1. Calif. Inst. Tech. Coll., Merychippus 
Zone, California. 
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tion of the intricacies of the enamel walls of the fossettes. Considered 
alone, these characters have little value in the distinction of a species. 
They may be regarded as of same importance as the complication of 
the enamel walls of the fossettes. 

Fossettes—Exxpansion or contraction of the fossettes and position 
of the external lobes has been found to be so variable in the materials 
studied as to suggest that these characters are completely unreliable 
for diagnostic purposes. Degree of complexity of the enamel walls of 
the fossettes appears to possess some general value. Such terms as 
highly, moderately or simply plicated borders are satisfactory when 
the description is based on the average grouping of occlusal characters 
as seen in a large group of specimens. Complexity of the enamel, when 
described in this manner, along with height and curvature of crown 
and appearance of protocone, furnish features of value in assigning 
specimens to their respective species. Complexity of the fossette bor- 
ders is of value only if the crown is not too greatly worn. Moreover, 
comparisons of individual peculiarities are of no value since the num- 
ber, shape and arrangement of the plications of the enamel walls are 
subject to a wide range of variation. In Hipparion the enamel pat- 
tern varies from moderately to highly complex. Some of the patterns 
exhibited by teeth referred to Equus may also show considerable com- 
plexity. In Phiohipus and in Protohippus the types of patterns are 
moderate to simple. All three stages of complexity are found in Mery- 
chippus. 

External Styles—The strength of the external styles as displayed in 
teeth of a particular species is variable. Ratios indicating the relation 
of width of these styles to anteroposterior diameter of the entire tooth 
have been obtained for Tertiary horses from several horizons. These 
ratios and their range of variation were found to be similar in every 
collection furnishing materials for measurements. The strength of the 
styles, in relation to size of tooth, remains approximately the same in 
all genera. 

Cement—An examination of teeth from numerous localities, repre- 
senting stratigraphic stages from middle Miocene to Recent, indicates 
that the amount of cement present on a tooth has little value, even 
as a generic character for horses with hypsodont teeth. Some of the 
merychippine teeth from the Mascall carry as much cement in pro- 
portion to their size as do the large teeth of Equus. 

Shape of Occlusal Surface-—This is an unreliable character. As has 
been stated before, this surface is usually elongated in anteroposterior 
direction in relatively unworn teeth, and in worn teeth the greatest 
width is usually in transverse direction. The surface in moderately 
worn teeth is nearly square, but the shape varies considerably with 
the individual and with age. The variation of this character in teeth, 
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which have reached practically the same stage of wear, is also con- 
siderable. A quantitative idea of this variation may be obtained from 
the ratios of the anteroposterior diameters to the transverse diameters. 
This ratio was calculated for more than three hundred first and second 
molars from the Merychippus Zone. The amount of wear to which 
each of these teeth had been subjected is approximately the same. 
The ratio varies from 1.40 to 0.85 and is sufficient to include most of 
the members of the Equide. Measurements of the last two premolars 
indicate that the shape of the occlusal surface in these teeth varies 
in a manner identical with that of the molars. The shape of M3 and 
P2 varies in still greater measure. This character has sometimes been 
used for specific distinctions. The variation is not due to extreme 
differences in anteroposterior diameters of the teeth, when compared 
to the rest of the series. Position of these teeth in the maxillary is 
variable and is rarely parallel to that of other cheek-teeth in an antero- 
posterior-vertical plane. Consequently, the occlusal surface is worn 
obliquely to the vertical axis of the tooth and the area of the surface 
is thus subject to a greater range of variation than that of intermediate 
teeth, whose position in the maxillary is more nearly constant. 
Curvature of Crown—The extent of curvature of the crown is of 
value in distinguishing genera. Comparison of this character should 
be limited to unworn or slightly worn teeth. The original curvature 
can not be determined accurately for a tooth that has been more than 
half worn. In Merychippus, as indicated by the collections studied, 
the crowns of cheek-teeth are curved to varying degrees and are rarely 
straight. In Hipparion the teeth are straight to only slightly curved. 
This character is of particular value in distinguishing primitive forms 
of Hipparion from progressive types of Merychippus which possess 
teeth that are otherwise similar. However, caution must be exercised, 
for teeth from large collections of merychippine materials are some- 
times, though infrequently, straight. In Protohippus and in the 
earlier forms of Pliohippus the crowns are curved. Greatest curvature 
of crown is seen in some species of Pliohippus. ‘This character pos- 
sesses no special value in distinguishing these two genera from Mery- 
chippus. Advanced forms of Plhiohippus may not always be distin- 
guishable from Plesippus and Equus by this single character. 
Transverse Diameter—In observations on the value of tooth char- 
acters, Gidley * pointed out that following the early stages of wear the 
transverse diameter was only slightly variable. This opinion is some- 
what substantiated by measurements made on teeth from the Mery- 
chippus Zone. The range in width as measured in millimeters is from 
19.6 to 14.2, a difference of 5.4. However, it should be pointed out 
that most of the species of Merychippus fall within these hmits. In 


1J. W. Gidley, op. cit., 105-106, 1901. 
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addition, some teeth referred to Parahippus, Protohippus, Pliohippus 
and Aipparion give similar diameters. While the variation as meas- 
ured in millimeters is not particularly large, the increase in this diam- 
eter during the evolution of the later equines was so gradual and 
slight as to render this character of little distinctive value as a time 
indicator. 

Height of Crown—Measurements of the height of crown of unworn 
teeth were made on more than five hundred specimens from the Mery- 
chippus Zone. Similar measurements were made also on teeth refer- 


/4-66 


Fic. 6—Merychippus californicus Merriam. a to r, referred specimens showing examples of 
variation of enamel patterns; x1. Calif. Inst. Tech. Coll., Merychippus Zone, 
California. 
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able to Merychippus isonesus from the Mascall and Skull Spring local- 
ities in eastern Oregon, M. sumani and M. intermontanus from the 
Barstow, and on teeth of a merychippine form from an upper Miocene 
locality near Tonopah, Nevada. The following table gives the results 
of these measurements in centimeters. 


Horizon Species Minimum 


Mascall M. isonesus 

Coalinga M. californicus 

Barstow M. sumani and M. intermontanus 
Tonopah Merychippus, sp. 


These results were obtained from measurements made on all supe- 
rior cheek-teeth. ‘Teeth from each position in the maxillary were 
represented in approximately equal numbers. Similar tables for teeth 
from each position vary through slightly different though equally dis- 
cernible limits. A table showing averages for the entire series of cheek- 
teeth is considered more representative of the group. The results indi- 
cate that from middle to upper Miocene time there occurred a mean 
increase in height of crown of 9 mm. and that this measurement on 
teeth from any one locality varies considerably more than this. How- 
ever, when, as in the present instance, large collections are available 
on which measurements can be based, a slight though definite increase 
in values can be demonstrated. The age evidence as afforded by the 
entire fauna from each locality is in accord with the stratigraphic ar- 
rangement given in the table. If the above four horizons are shown 
in future to be more closely grouped in the Miocene than is at present 
regarded to be the case, this character may be considered as increasing 
in value. 

Character of height of crown is perhaps of great value in the recog- 
nition of species for stratigraphic purposes. No other character in 
teeth of the Equidz seems to be quite so uni-directional in its trend. 
However, the values are pertinent only when a large collection of 
material is available. The height of crown in a few specimens or in 
an individual tooth has a stratigraphic value which is quite definitely 
less. The accuracy of this measurement, when obtained from a large 
collection, is limited by the time required for an appreciable difference 
to develop. Geographic isolation of a type may also limit the applica- 
bility of the character. 


INFERIOR CHEEK-TEETH 


The variation displayed by the characters of the lower cheek-teeth 
is similar to that seen in the superior dentition. The inferior denti- 
tion presents no character whose value is comparable to that of the 
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protocone or of the curvature of the crown of an upper cheek-tooth. 
Age assignments on the basis of characters exhibited by lower cheek- 
teeth are less satisfactory than for upper teeth. The relationships 
of forms based on lower cheek-teeth frequently depends upon an asso- 
ciation of these teeth with the upper dentition. Only the more fre- 
quently used characters will be discussed. As in the case of the supe- 
rior dentition, observations have been limited to teeth whose crowns 
have been less than one-third removed by wear. 

Metaconid-metastylid column—In the collection of teeth from the 
Merychippus Zone this column varies in anteroposterior diameter 
from over one-half to less than one-fourth of the anteroposterior diam- 
eter of the crown. The groove or gutter on the inner wall may be 
sharply incised or open. The groove may be narrow or wide trans- 
versely and varies in size and shape with wear of the tooth. The char- 
acters of this column in P2 are variable to a much larger extent. 

In Aipparion the gutter between metaconid and metastylid is, as 
a rule, broadly open and displays a greater tendency to widen toward 
the base of the crown than in other genera. In advanced forms of 
Hipparion this column sometimes occupies most of the internal side 
of the tooth. The distinction between similar species of Hipparion 
and Merychippus on the basis of this column is frequently made with 
difficulty, since in many teeth of Merychippus, whose characters 
approach those of Hipparion, the metaconid-metastylid column is 
often similar to that found in the more progressive genus. In speci- 
mens whose structural features are transitional from those of Mery- 
chippus to those of Protohippus and Pliohippus, this character is of 
little help in affording a generic determination. It is of interest to 
note that Gidley * concluded from an examination of a large number 
of teeth of Equus and of the Loup Fork genera of horses that the type 
of metaconid-metastylid column in these forms presented great varia- 
bility and possessed extreme unreliability in specific determination. 

Posterior Lobe of M3—In all the collections studied, the develop- 
ment of the posterior lobe of the third molar has been found variable 
to a degree which renders this character unreliable for purposes of 
generic and specific determination. 

Entoconid—The shape of the entoconid has been used by Merriam ” 
in distinguishing Merychippus, Pliohippus, and Hipparion. Merriam 
states: “In general the entoconid of Merychippus and Pliohippus 
species is truncated obliquely on the anterointernal angle by a plane 
or curved face, extending outward and forward from the inner side, 
while in Hipparion this region is expanded and the cross-section of the 
entoconid tends to take on a rectangular outline, instead of the approx- 


1J. W. Gidley, op. cit., 105, 1901. 
2 J. C. Merriam, Univ. Calif. Publ. Bull. Dept. Geol., vol. 10, 131-132, 1916. 
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imately triangular section seen in Merychippus, or the triangular to 
imperfectly rectangular but anteroposteriorly short section seen in 
Pliohippus.” In teeth from the Merychippus Zone, this cusp varies 
in outline from triangular to completely rectangular. A study of teeth 
referred to the above three genera indicates that this cusp has no value 
in specific determination and that it must be employed with care in 
distinguishing genera. Merriam’s use of this character applies to dis- 
tinctions between advanced forms of Hipparion and Phohippus on the 
one hand and the primitive and intermediate stages of Merychippus 
on the other. 


Entostyid—tThe posterior extension of the entostylid in molar teeth 
is variable. In general, it is greatest in unworn teeth and decreases 
with wear. This cusp is larger in molars than in premolars, but pre- 
sents no peculiarities of taxonomic value. 

Protoconid and Hypoconid—The external walls of these cusps are 
curved to varying degrees in the material from north Coalinga. In 
Equus the outer walls of the protoconid and hypoconid are flattened 
in contradistinction to the curved or convex walls of Pliohippus. An 
examination of teeth from localities assigned to the upper Pliocene 
and lower Pleistocene has convinced the writer that this character 
must be used with care in distinguishing Plesippus from either Plio- 
hippus or Equus. 

Cement—An examination of hundreds of specimens indicates that 
the amount of cement present on a lower tooth has no diagnostic value. 

Supplementary Folds—The antero-external fold may be present or 
absent in the material from the Merychippus Zone. When present, 
the strength of this style varies considerably with the individual as 
well as with the extent of wear of the tooth. An antero-external fold 
of the enamel wall is frequently present in lower teeth of Hippanon. 
Its occurrence seems to be rather rare in Pliohippus. However, it has 
been observed in a series of lower teeth referred to Plestppus shoshon- 
ensis Gidley from the Idaho Pliocene. Presence of a fold or one or 
more plications of the enamel walls of the valley between protoconid 
and hypoconid has been observed in Merychippus, Hipparion, Ple- 
sippus and Hquus. Its presence in so many genera would seem to 
invalidate its use as a specific character. 

Occlusal Surface—The shape of the occlusal surface varies in a man- 
ner similar to that of upper cheek-teeth. Anteroposterior-transverse 
ratios obtained in the first and second molars at approximately the 
same stage of wear’ of the crowns vary from 1.70 to 2.10. In greatly 
worn teeth this ratio may have a value approximating 1.00. The 
extremes of this ratio are sufficiently removed to include most of the 
Equide. 
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Enamel Pattern—As in superior cheek-teeth, the complexity of the 
enamel pattern is well marked in Hipparion and in advanced forms of 
Merychippus, approaching the former genus. The extent of plication 
of the enamel walls of the lower cheek-teeth possesses a value for deter- 
mination similar to that seen in the superior dentition. 

Height of Crown—As in the superior dentition, this character is 
probably of great value in the distinction of species. The statements 
made for the superior dentition apply equally as well to the lower 
cheek-teeth. A table based upon measurements of lower teeth gives 
the following values in centimeters: 


Horizon Species 


Mascall M. tsonesus 

Coalinga M. californicus 

Barstow M. sumani and M. intermontanus 
Tonopah Merychippus, sp. 


VIEWS OF OTHER AUTHORS 


The variation in tooth characters as observed by the writer is not 
unusual. Thus, Simpson,’ in a study of the Miocene Vertebrate 
Faunas of Florida, found the characters of Parahippus grading into 
those of Merychippus. Gidley,” in a study of the genus Equus and of 
the Loup Fork genera, after determining the presence of considerable 
variation in characters of the cheek-teeth, concluded that many of the 
species of Hquus ought not to be regarded as valid forms. To quote 
from Gidley: 


‘“‘An application of the foregoing principles of the variability of tooth char- 
acters to the specific definitions of Owen, Leidy and Cope shows the unreli- 
ability of most of the characters they have employed. Thus, the degree of 
complexity of the enamel folding 1s seen to be greatly affected by both age 
and individual variability—a fact which must be correctly understood before 
this character can be of even subordinate value as a specific determinant; 
the other characters given by these authors have been shown to be so affected 
by age or individual variability, or both, that no dependence can be placed 
upon them;.. .” 


A wide range of variation was found by Matthew * in the Mery- 
chippus material from the Sheep Creek and Lower Snake Creek hori- 
zons in western Nebraska. Matthew met this difficulty by assigning 
over ninety per cent of the material to one species: 


“Within the material that I have referred to M. paniensis there is a wide 
range of variation, in size, length of crown and other proportional characters, 


1G. G. Simpson, Florida State Geol. Surv., Bull. 10, 21-27, 1932. 
2 J. W. Gidley, op. cit., 105, 1901. 
’W.D. Matthew, Bull. Amer. Mus. Nat. Hist., vol. 50, 159, 1924. 
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in the degree of union of the protocone, the development of the hypostyle, 
thickness of external styles, complication of the enamel on the lake borders, 
etc.” 

In commenting on the inadvisability of making a large number of 
species from the material he remarks: 

“The thousands of isolated teeth or other fragmentary specimens would 
clearly show that there are no constant or pes rowel associated distinctions 
between such ‘species’.”’ 

Again, Matthew and Stirton’ in their description of the Pliocene 
Equide from Texas state in regard to the variation of tooth characters 
in Pliohippus that: 

“There is considerable variation in the size of the teeth, and some varia- 
tion in height and curvature of the crown of the upper molars, in form and 
size of protocone, heaviness of mesostyle, tendency to union between proto- 
cone and hypocone, width of cement lakes and the development of the enamel 
inflections along their borders, and in probably all tooth-characters that have 
been used by all authors to distinguish species in the genus.” 

Merriam ? in discussing the relationships of Hipparion mohavense 
from the Ricardo beds of the Mojave Desert, California, points out 
that: 

“With the collections now available, few if any diagnostic characters in 
form or pattern of the Ricardo teeth designated as H. mohavense appear 
which may be considered as certainly separating vine from the Chinese 
H. richthofem.” 

Then, with regard to the relationships of Hipparion richthofeni to 
the European species, H. gracile, Merriam * states that: 

“. . some of the characters which have been used to separate H. richthofeni 
from H. gracile seem to disappear with the study of large collections.” 

Again, Merriam * in his report on the horses of Rancho La Brea 
states that the variation within this group is sufficient to include some 
of the teeth of several Pleistocene species and of Equus caballus. With 
regard to the value of tooth characters he states: 

“While it is doubtless true that good specific differences appear in the 
enamel pattern of the cheek-teeth, it is certain that such characters must be 
used with caution. The final determination of the value of these characters 
must depend upon examination of considerable series of individuals of nearly 
the same age.” 

In his description of the merychippine forms from the Barstow of 
the Mojave Desert, Merriam described three species with the expec- 
tation that additional material would present characters more clearly 
demarcating the species. 

1W. D. Matthew and R. A. Stirton, Univ. Cal. Publ., Bull. Dept. Geol., vol. 19, 
358-359, 1930. 

2 J.C. Merriam, Univ. Calif. Publ., Bull. Dept. Geol., vol. 11, 557, 1919. 


3 J.C. Merriam, ibid. 
4J. C. Merriam, Univ. Calif. Publ., Bull. Dept. Geol., vol. 7, 418, 1913. 
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A somewhat different result was reached by Sefve? in his descrip- 
tion of the Hipparions from North China. On account of the wide 
variation exhibited, he describes as few species as possible and ex- 
presses the opinion that additional material will serve to divide his 
original groups into a larger number of more clearly demarcated 
species. 


“Man muss auch hierbei darauf Ruicksicht nehmen, dass die Variation in 
Wirklichkeit betrachtlich grosser gewesen ist als die Zahl der Arten erscheinen 
lasst. Wie aus meinen Artbeschreibungen hoffentlich hervorgeht, ist die 
Variation auch innerhalf der Arten sehr gross. Ich habe absichtlich so wenig 
Arten als moglich aufgestellt. Neue und vollstandigere Funde werden war- 
scheinlich zeigen, dass viele von den jetzt vorhandenen Variation, die ich bis 
auf weiteres nur als solche innerhalf der Art rechne, in Wirklichkeit ver- 
schiedene Arten reprasentieren.” 


In the opinion of the writer, the addition of more material from the 
Barstow and Chinese horizons will serve mainly to fill the ranks of 
teeth, whose characters are intermediate, rather than to aid in more 
sharply defining the established species. 


CONCLUSIONS 


The variation of tooth-characters as exhibited by the hundreds of 
specimens studied by the writer from horizons distributed throughout 
the later half of the Tertiary and by studies of the descriptions of 
many authors, indicates that there are no hard and fast distinctions 
to be made between the various species and genera of the Equide. 
With the collections at hand at the California Institute, gradational 
series with almost no discernible break can be built up from Para- 
hippus through intervening genera to Hquus and Hipparion. The 
selection, from horizons closely related in time, to form these series 
does not need to conform necessarily to the exact stratigraphic se- 
quence of the deposits determined by the entire fauna from each 
locality. The characters which distinguish a species or genus unques- 
tionably grade into the diagnostic peculiarities of other succeeding 
and preceding species and genera. The vertical stratigraphic range 
of the characters peculiar to a single form seems usually to be greater 
than that of a single stratigraphic horizon as determined by the entire 
fauna. Every large collection studied from a single horizon contains, 
in addition to teeth unquestionably referable to the species peculiar 
to that horizon, specimens whose characters can be regarded as inter- 
mediate and in addition specimens whose characters would allow them 
to be referred to other species from either slightly higher or lower 
horizons. Due to the overlapping of characters of various species, 
individual teeth are found with characters which would permit their 


tT. Sefve, Paleontologica Sinica, Series C, vol. 4, fascicle 2, 84, 1927. 
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assignment with equal right to any one of several species. When such 
a tooth is found, its stratigraphic value is defined by the total time 
range of the several species to which it might be assigned. In most 
cases this vertical range is considerably greater than the divisions of 
geologic time distinguished on the basis of a large and varied vertebrate 
fauna. 

Refinements in application of the characters of cheek-teeth of fossil 
horses to stratigraphy do not lie in a radical revision of our present 
conception of a species. If the gradation of characters be taken as 
indicating synonymy, the results ultimately become absurd. The 
enlargement of the boundaries of a single species or genus merely 
serves to enlarge the stratigraphic range of that species or genus. From 
a purely taxonomic point of view, the inclusion of a large number of 
variants within a single species defeats the object of the description 
of these forms. The placing of a large number of variants within a 
single species fails not only to convey a satisfactory impression of the 
appearance of a collection, but also results in the establishment of an 
unwieldy group of taxonomic units for future workers to handle. The 
setting up of three species by Merriam in the case of the Barstow 
material has a value for future workers which is considerably greater 
than that which would arise if all of the forms were included under 
one species. Although characters intergrade and although the varia- 
tion of any one character is for the most part independent of the varia- 
tion of any other character, the illustration of several types repre- 
senting several distinguishable averages is of considerable value. On 
the other hand, the division of a group into a number of poorly defined 
species increases the complexity of the problem. 

The dividing lines between genera and species are not drawn at 
natural breaks, but frequently serve to emphasize the gaps in our 
knowledge of an evolutionary line. As more and more material be- 
comes available, the boundary lines between individual groups become 
less and less distinct. While species within any one horizon may 
usually be clearly demarcated on the basis of frequency curves, the 
addition of material from horizons only slightly removed in time tends 
to run together the boundaries of such frequency curves. In such 
instances the maxima become closely crowded and are of little value. 
It should be recognized that the characters of some specimens will nec- 
essarily have to remain intermediate in nature and that they should 
be so defined. 

For purposes of stratigraphy, the association of structural types 
comparable to various type specimens permits of greater accuracy in 
age determinations of sedimentary deposits. An examination of many 
collections discloses the fact that during a part of the interval of 
geologic time in which the characters distinguishing a type specimen 
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existed, these characters are associated with the gradually disappearing 
characters of a more primitive type, and that during another part of 
this time the characters of a more advanced type are appearing. The 
time required for one species to appear, reach its maximum develop- 
ment and disappear may be divided on the basis of the association of 
the central type with other advanced and primitive forms. 

For the upper half of the Miocene of the Pacific Coast and Great 
Basin Provinces, the following associations appear to be of value and 
are in accord with the age determinations based on the evidence fur- 
nished by the entire fauna from each locality: 

1. Mascatu—Associated with Merychippus isonesus are teeth ref- 
erable to M. relictus and M. seversus, Parahippus brevidens and P. 
avus. Some of the more progressive teeth referred to M. isonesus are 
similar in aspect to teeth from the Merychippus Zone. M. relictus 
and M. serversus are small primitive types not found in the north 
Coalinga horizon. They would probably be found in horizons slightly 
earlier than the Mascall. The small species indicate an upward limit 
to which the Mascall might be assigned, while /. isonesus and “M. cal- 
ifornicus-like”’ teeth suggest a lower limit. In addition, the mery- 
chippine milk-teeth from this horizon exhibit primitive conical cusps 
in contradistinetion to the cylindrical shapes found in higher zones. 
The two species of Parahippus furnish further suggestions as to rela- 
tive age of the assemblage. P. avus, though large, is a primitive form 
and has not been found in horizons higher than the Mascall. P. brevi- 
dens makes its first appearance in the Mascall and continues on into 
the time represented by the Merychippus Zone. The Skull Spring 
and Virgin Valley faunas occupy positions more nearly correlative 
with the Mascall. 

2. Merycuippus ZonrE—This horizon is characterized by the asso- 
ciation of Merychippus californicus with teeth similar to the types 
of both M. isonesus and M. sumani and Parahippus brevidens. M. iso- 
mnesus and P. brevidens reflect the time relationship which exists be- 
tween the Merychippus Zone and Mascall. MM. sumani indicates that 
the Barstow stage is not far removed. 

3. Barstow—Teeth similar to the referred specimen of Mery- 
chippus californicus, No. 1405 Calif. Inst. Tech. Coll., from the Mery- 
chippus Zone, are present in the Barstow formation of the Mojave 
Desert and these now represent the most primitive type. M. sumani 
is abundant and is associated with M. intermontanus, a horse of which 
some of the tooth characters are similar to Protohippus. M. inter- 
montanus furnishes an indication that the Barstow should be regarded 
as higher than the Merychippus Zone. 


PLatTE 1 
Merychippus brevidontus n. sp. 


Fries. 1 to 8—Figs. 1 to le, referred specimen, P4, No. 1431; figs. 2 to 2c, referred specimen, 
MI, No. 1427; figs. 3 to 3b, type specimen, P3, No. 1414; figs. 4 to 4b, referred speci- 
men, unworn M1, No. 1409; figs. 5 to 5b, referred specimen, P4, No. 1410; fig. 6, 
paratype, M1, No. 1422; fig. 7, paratype, P4, No. 1413; fig. 8, paratype, M2, No. 
1408; xl. 


Calif. Inst. Tech. Coll. Merychippus Zone, California. 
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IRATE, 


Merychippus intermontanus Merriam 


Fie. 1—Superior milk-tooth series (protocone region of Dp3 restored by illustrator), No. 
21640; x 1. 


Univ. Calif. Coll. Barstow Upper Miocene, California. 
Merychippus californicus Merriam 


Fig. 2—Superior milk-tooth series, No. 1500; x 1. 


Calif. Inst. Tech. Coll. Merychippus Zone, California. 


Merychippus isonesus (Cope) 


Fig. 3—Superior milk-tooth series, No. 544; x 1. 
Calif. Inst. Tech. Coll., Locality 124. Skull Spring Middle Miocene, Oregon. 


Merychippus brevidontus n. sp. 


Figs. 4 to 12—Referred specimens. Fig. 4, P4, No. 1418; fig. 5, M3, No. 1423; fig. 6, M2, No. 
1420; fig. 7, M1, No. 1419; fig. 8, P4, No. 1415; fig. 9, P3, No. 1411; fig. 10, M2, No. 
1430; fig. 11, MT, No. 1426; fig. 12, P4, No. 1429; x 1. 


Calif. Inst. Tech. Coll. Merychippus Zone, California. 


PLAT 


B. 453—Bopr 


CARNEGIE INST. WASHINGTON Pu 


Lue eoty a} 
ae 
a 


- 


Re 
Bare? 
ii 


5 


x A 
ine 


CONTRIBUTIONS TO PALAZXONTOLOGY 


VI 


THE FAUNA OF THE MERYCHIPPUS ZONE, NORTH 
COALINGA DISTRICT, CALIFORNIA 


By Francts D. Bons 
With two plates and ten text-figures 


[Issued July 20, 1935] 


CONTENTS 
Page 
Introductory. ahs AS Ra Oe aE eT eRe Re Ue ene ter 67 
Location:and) Occurrence iho. sve Skee el ais alae aie ROE REN OO ee aoe 67 
FaunaiofthesMerychippus: Zones as scene once ee CURIE a ae nae 70 
Erequencyof) Occurrence ofsindividualsaaaee ae ase eee eee eee cere 71 
Mode ok ‘Accumulation ss chy hot werk avert aici eats Aenea rae Tera nceCa ae etre 72 
Environmient)of Patna: ele o UN een occ iletee oc etal ese er eRe OLR ey UCN Rea Co 77 
Stage of Evolution and Relationships of Fauna...................02....0e0s eres 79 
Stratigraphic Position in Marine Tertiary Series................0.c2ccecececevers 80 
Agel\of the Mery chi ppus Zones) .istevcts ldaiene sclera trcwa niece kota fe RRA a Oe 84 
Systematic DescriptiontotMaunaeo ee... fate ta nen wire eve eee me Rane ae Pa UATE 86 
CaPMiVOr[a ieee Ge ey RO Ieee MRNA NO NIN RIT BUDA 1 an RNA ea AOS RET PA ea 86 
TP ODMAT CUMS SPs ocd eis ke eh afer eae eo Hee ER OLR US ee ET aa 86 
AluPOdOn Spe sets: eh RGR ile SISTER TRNW bak Red ane aE ROT 87 
VeXVa} 0) ULNA 0) 72] OMAN ENE eR RAD) EEA Semen OmaUy a Mo ainlond cl dodo G6.66 a O 88 
1G ena ch4c) 000) ic) 0 Pa eA RPO RS A Seay Dl Alia ined ey Ais Oh 88 
Rodentia), Pay Vee Re hte Be RE BPMs Gh OM ER Re Sn eT ete ae ccna an 89 
Mon Osa Ula: SP ie Ie arene A OE Gr Ue tepel one Ge eae Te UAT ARE eI ne Us T nape d ye De 89 
PL ODOSCID ER es el Ui aie ee alanis ae am al aay ao) Seer a aes elegy es Tee Oe nn aT EDR ee 89 
Miomastodoniorybrilophodon(@?) spy see eee an ee 89 
POrissOdactydlais 2s cere ccc chic oh aey costa she aah label a allo pede ete Me ne ses nae OME Ven ae tain 90 
Ly pohippus sp vie iA Saleccnk arenes oi aise wie, eerepens leet ane ealeae ie aie eaters etree MC 90 
Archeohippus mourminei (Merriam) pee ici ieieaereierrerciteric 91 
Parahippusibrevidens) Marah iar. 20), ise Wyeee Moe MPR dente saa era Na 91 
Merychippusibrevidontusybodereeaannaen ten annie ae eee ener ae ee 92 
Menychippusicalitormicusy Merriam ese aneaeeeeennierneer n 92 
Rhinocerotid cf. “Aphelops e308 yee es ee ea Oe ee ee eee 93 
A TEIOGA CEVA: Miare tne atte ie ce gee lier S i ore ERS ENO ene eA A Ace SET A gear ae ROE RE 93 
Prosthénnops (2) Spry ce oe ee ee ee Cae Ree aaa Ore a BRC Re 93 
Camel dae ee tir it dee Loads te AOE La te Sea TEL A aaa RAT aR 93 
Blastomeryx;(Dyseomeryx) ISPs 50. 5s tis Celiare tiecelereiera alcomiate etc pakeeimratatore CON 95 


THE FAUNA OF THE MERYCHIPPUS ZONE, NORTH 
COALINGA DISTRICT, CALIFORNIA 


INTRODUCTION 


The fauna from the Merychippus zone, north of Coalinga, Cali- 
fornia, was first described by J. C. Merriam! in 1915. The assemblage 
as listed by Merriam included four genera of land mammals, namely, 
Merychippus, Prosthennops, Procamelus and Tetrabelodon. As recog- 
nized by Dr. Merriam, the discovery of mammalian remains in the 
marginal marine series of California possesses particular significance 
in that it furnishes an important aid in determining the time relation- 
ships between the marginal marine deposits of the Pacific Coast and 
the continental formations of the Great Basin and Great Plains 
areas of North America. The present studies were initiated, therefore, 
with a view to enlarging the fauna from this horizon and to establish- 
ing more accurately the time relationships of the assemblage. More- 
over, it seemed desirable to record information concerning the mode 
of accumulation of the fossiliferous deposits and of the ecologic condi- 
tions under which the fauna existed. 

Field work was conducted by the California Institute of Technology 
from 1928 to 1932, with the exception of the summer seasons. Much 
of the fossil material on which the present report is based was obtained 
by the late E. R. Inglee, field assistant in paleontology at the Cali- 
fornia Institute. A study of the assemblage from the Merychippus 
zone was suggested by Dr. Chester Stock, to whom the writer is in- 
debted for helpful criticism in the course of the investigation. Dr. R. 
D. Reed, Chief Geologist for the Texas Company in California, fur- 
nished valuable information regarding the stratigraphic position of the 
Merychippus zone in the marine Tertiary section exposed near Coalinga 
and correlated horizons in oil well sections of the north dome of the 
Kettleman Hills. ‘The plates and illustrations of fossil specimens were 
prepared by Mr. John L. Ridgway. 


LOCATION AND OCCURRENCE 


The horizon from which the fossil material was obtained is located 
on Domengine Creek (see Plate 1, fig. 1), on the east flank of the Diablo 
Range, 12 miles north of Coalinga, Fresno County, California. The 
north dome of the Kettleman Hills hes approximately 25 miles to the 
southeast. The general course of Domengine Creek is perpendicular 
to the strike of the sediments, but at a point approximately 4 miles 
from its mouth, the stream turns and flows south along the strike for 
nearly one quarter mile, thence resuming its easterly direction. ‘The 


1 J. C. Merriam, Trans. Amer. Philos. Soc., n.s., vol. 22, art. III, 1915. 
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fossiliferous beds comprising the Merychippus zone outcrop along this 
north-south course and the type locality occurs on the east bank of 
Domengine Creek at an elevation approximately fifty feet above its 
bed. The accompanying chart (fig. 1) shows the geographic location 
of Domengine Creek on the west side of the San Joaquin Valley and 
its position with reference to the Diablo and Temblor Ranges and to 
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Fig. 1—Map of portion of west side of San Joaquin Valley showing geographic position of 
Domengine Creek in relation to Coalinga and to various oil fields and surface areas with 
which stratigraphic correlations are made. 


the several oil fields occurring between Coalinga and McKittrick. It 
is by means of correlations with the subsurface sections from these 
oil fields and the surface sections in the Diablo and Temblor Ranges 
that the stratigraphic position of the Merychippus zone is determined. 

The original material described by Merriam from the Merychippus 
zone was obtained from sandstones and conglomerates, 2 to 3 feet in 
thickness, lying at the top of the so-called Miocene ‘‘Temblor’’ section 
on Domengine Creek and immediately below Miocene beds known 
locally as the ‘‘Big Blue.” This field locality has been recorded in the 
catalogues of the California Institute of Technology as No. 108. 
The major portion of the material obtained by the Institute was 
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collected from pockets at this same stratigraphic level. In addition, 
however, a considerable quantity of material was collected at a point 
farther south along the strike of the beds and approximately twenty 
feet stratigraphically below the level of locality 108 (see Plate 1, 
fig. 2). This locality is known as No. 129. No differences have been 
noted between the two assemblages. The position of locality 129 in 
the series gives added reason for regarding the Merychippus fauna as 
occurring within the ‘“‘Temblor’’ as indicated by Merriam, and not 
in the base of the Big Blue. 

The underlying one hundred feet of sediments increase gradually 
in coarseness as they approach the Big Blue contact, the deposits 
changing gradually from alternating shales and fine sandstones to 
sandstones, and then to coarse sandstones and pebble conglomerate 
lenses. Throughout the upper twenty feet cross-bedding is visible in 
the sandstone. ‘The three feet of sediments underlying the Big Blue 
consist for the most part of sandstones containing lenticular pebble 
conglomerates. Here lenses are numerous and give the false appear- 
ance of a continuous bed. Closer examination reveals, however, that 
none of them extends along strike for more than twenty feet. Their 
continuous appearance is due largely to their abundance. Excavations 
show that the average width of these lenses, down the dip, is usually 
equal to half their length along the strike, giving them a lateral ellip- 
soidal area with an elongation approximately in the direction of strike. 
Frequently small pockets of clay are found within and underlying 
the conglomerates. Clay pockets not associated with pebble lenses 
have also been observed. While fossil mammalian remains are found 
scattered throughout a hundred feet stratigraphically, the material 
becomes abundant only in the upper twenty feet. At this level the 
material is usually concentrated in the conglomerates and is most 
abundant at the top of the section. Here the number of horse teeth 
frequently exceeds that of the larger pebbles. Small concentrations 
of specimens have also been found in clay pockets not associated with 
the conglomerates. Fossil material has been found northward from 
the lower bend on Domengine Creek to a point where the fossiliferous 
strata disappear under the grassy mantle of the top of a ridge, a dis- 
tance of nearly a thousand feet. Only scattered remains were found 
along the strike of the beds, on the south and west side of Domengine 
Creek. In this direction the conglomerate lenses disappear, leaving the 
Big Blue in contact with sandstones. The zone of maximum concentra- 
tion has a lateral extent along the strike of approximately four hundred 
feet. Its extent in the direction of the dip of the beds is unknown. 

With the exception of three horse rami, the material from the 
Merychippus zone consists entirely of scattered teeth and fragments 
of limb elements. But few of the teeth show signs of abrasion, although 
many of the specimens exhibit a tendency to shatter into many frag- 
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ments when removed from the matrix. The skeletal material, on the 
other hand, is usually so well rounded that few characters of taxo- 
nomic value are available. The relatively compact carpal and tarsal 
bones are the most numerous skeletal parts represented. In this 
collection the astragali far outnumber other elements. As with the 
teeth, the skeletal material is assignable principally to the Equide. 
Upper limb material is rare and is represented by one complete horse 
metapodial and a score or more of fragments of the articulatory 
portions. Among upper limb specimens, camel and horse are equally 
well represented, offering a point of contrast with remaining parts of 
the skeleton which belong chiefly to members of the Kquide. Presence 
of rhinoceroses and of mastodonts is indicated by remains of cheek- 
teeth. No large limb material referable to these forms has been found. 
Bone material of large size is completely absent in the deposits, the 
larger fragments never exceeding a maximum diameter of four inches. 
Sharks teeth are plentiful and are associated with an occasional tooth 
fragment of the aquatic mammal Desmostylus in all the quarries. No 
skeletal parts of these forms have been found. Mud casts of a gas- 
tropod and of a lamellibranch were found in one of the fossiliferous 
pockets at locality 129. 


FAUNA OF THE MERYCHIPPUS ZONE 


The following species are now recognized in the collections from 
the Merychippus zone: 


Carnivora: 
Tomarctus sp. 
fKlurodon sp. 
Amphicyon sp. 
Hemicyon? sp. 


Rodentia: 
Monosaulax sp. 


Proboscidea: 
Miomastodon or Trilophodon? sp. 


Perissodactyla: 
Hypohippus sp. 
Parahippus brevidens Marsh 
Archeohippus mourningi (Merriam) 
Merychippus brevidontus Bode 
Merychippus californicus Merriam 
Rhinocerotid ef. Aphelops 


Artiodactyla: 
Prosthennops sp. 
Procamelus sp. 
Oxydactylus? or Alticamelus? sp. 
Miolabis? sp. 
Blastomeryx (Dyseomeryx) sp. 
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Marine vertebrates as follows: 

Cetacean remains 
Desmostylus cf. hesperus Marsh 
Selachian teeth 

Carcharodon 

Lamna 

Isurus 

Odontaspis? 

Teleosts 


FREQUENCY OF OCCURRENCE OF INDIVIDUALS 


Individuals assigned to the species Merychippus californicus far 
outnumber all other forms in the fauna from the Merychippus zone, 
this species being represented in the collections by more than two 
thousand well-preserved cheek-teeth. At least five hundred addi- 
tional teeth were discarded because of their fragmentary preservation, 
when the collections from the field were prepared in the laboratory. 
Moreover, many specimens, too incomplete to collect, were discarded 
in the field. According to EK. R. Inglee the numerical relation of com- 
plete and incomplete teeth encountered to those actually shipped 
was well over five to one. It appears safe to assume that more than 
five thousand teeth were encountered during the progress of the 
excavations. On the basis of the scattered distribution of the teeth 
removed from the Merychippus zone, it seems likewise safe to assume 
that not all of the twenty-four cheek-teeth assignable to one indi- 
vidual are included in the collections. A reasonable estimate of the 
minimum number of individuals obtained may be placed at two 
hundred and fifty. The number of individuals indicated by third 
upper molars of the right side is one hundred and twenty. However, 
because of the teeth discarded and the probability that not all indi- 
viduals in the collections are represented by the third molar, the 
former estimate is regarded as being nearer the actual number. 

The number of individuals of species other than Merychippus 
californicus has been determined from the total number of teeth in 
the collections after taking into account the size, shape and stage of 
wear of all teeth occupying opposite but similar positions in the skull 
or mandible. The possibility of duplication of number arising from 
counts of lower and upper teeth actually representing the same indi- 
vidual has been taken into consideration. 

With the exception of Merychippus californicus all other species 
in the collection are represented by less than one hundred teeth. 
The volume of rock excavated to obtain the present collection was well 
over a thousand cubic yards. Since the teeth were distributed rather 
uniformly through this volume and over an area of at least six thousand 
square feet, it seems likely that not many of the specimens belong to 
the same individual. In the case of all species the number of indi- 
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viduals is probably a minimum. However, since the same procedure 
has been followed for all forms and since the number of merychippine 
teeth greatly exceeds that of all other forms, the relative frequency 
of occurrence of all forms is considered to be essentially correct. 

The accompanying chart (fig. 2) shows graphically the representa- 
tion of individual groups, but for those mammals in which relatively 
few individuals per species are known, only the size of the family is 


shown. 
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Fie. 2—Chart showing percentage of frequency of occurrence of individuals in fauna 
of Merychippus Zone. 


MODE OF ACCUMULATION 


The relative abundance of sharks teeth and the presence of Des- 
mostylus and of several other marine forms indicate the marine origin 


of the deposits containing the Merychippus zone. The preponderance 
of remains of land mammals, on the other hand, suggests that the 


accumulation took place in an area close to shore, at a locality where 
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fragments of these forms were readily obtainable. That the accumula- 
tion occupied a period of time of greater duration than a few years is 
suggested by the fact that the fossil material is found distributed 
throughout the upper hundred feet of the ““Temblor beds’’ in the Dom- 
engine Creek section. The gradual increase in coarseness of the sedi- 
ments, accompanied by a similar increase in concentration of fossil 
material toward the top of the section, may be interpreted as indicating 
the approach of a land area. The ‘“Temblor’’ section on Domengine 
Creek has a thickness of four hundred and eighty feet. Six miles south, 
on the Coalinga anticline, this formation has a thickness of approx- 
imately six hundred feet.!. In axial wells on the north dome of the 
Kettleman Hills the Temblor has increased in thickness to approx- 
imately fifteen hundred feet.2 This southward increase in thickness 
suggests that the land area from which the material was derived lay 
to the north and possibly to the northwest. The northwest derivation 
of the material forming the Big Blue may be regarded as corroborative 
evidence.?® 

As previously mentioned, the fossil material occurs as scattered 
teeth and small fragments of limb elements buried in ellipsoidal con- 
glomerate lenses. It would appear quite likely, from the nature of the 
occurrence, that the fossil material accumulated on a sandy surface 
of the sea floor over which were scattered more or less elliptical pebbly 
areas. Within the latter and especially at their bottoms occurred 
small concentrations of mud. ‘These areas evidently lay in slight 
depressions on the floor. Apparently other small depressions contained 
only mud. Employing the terms defined by Twenhofel,* the pebble 
conglomerates are composed of a heterogeneous mixture of pebbles, 
granules, varying sizes of sands, and small quantities of mud. The 
sediments exposed on the surface surrounding the pebble areas were 
comprised mainly of medium to fine-grained sands. The maximum 
diameter of the pebbles rarely exceeds one inch, although particles 
closely approximating this size are numerous in the upper three feet 
of the “‘Temblor” sediments. In the pebbly areas and infrequently 
in the few clay pockets, fossil vertebrate specimens were found lodged 
between pebbles or were buried almost entirely in the clay. Inverte- 
brate fossils are absent. 

As indicated by the presence of marine vertebrates, the surface on 
which the accumulation took place lay submerged beneath salt-water. 
The maximum strength of the currents during the period of deposition 
is indicated by the size of the largest pebbles. These pebbles probably 
were rolled along the bottom, coming to rest ultimately in shallow de- 

1G. C. Gester and John Galloway, Bull. Amer. Assoc. Petrol. Geol., vol. 17, 1180, 1933. 

2G. C. Gester and John Galloway, op. cit. 

3 Robert Anderson and Robert W. Pack, U.S. Geol. Surv. Bull. 603, 83, 1915. 


4W. H. Twenhofel and Collaborators, Treatise on Sedimentation, The Williams and Wilkins 
Co., 155 pages, 1926. 
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pressions on the sandy floor. The clay or mud within the gravels may 
be regarded as material caught and protected from further movement 
after sinking through the interstices between the pebbles and coarse 
sands. Fossil material rolled along the bottom would also become 
lodged between the pebbles and thus resist further movement. The 
presence of fossils of slightly greater size than the pebbles may be 
accounted for by the lower density of this material. 

In reviewing the types of deposits under which the Merychippus 
zone may have accumulated, at least four possibilities present them- 
selves. These may be indicated, with regard to the environmental 
conditions under which they are formed, as littoral, marginal lagoon, 
estuarine, and delta accumulations. 

The stratigraphic position of the Merychippus zone at the top of the 
‘‘Temblor,” the type and distribution of the sediments, and the thick- 
ness of the deposit may be regarded as indications favoring a littoral 
origin of the deposits. However, several features are opposed to this 
type of origin of the Merychippus zone. While the absence of marine 
invertebrate fossils may have no significance, it seems more probable 
from the presence of other marine forms, that shell fragments would 
have been in evidence if the concentration north of Coalinga occurred 
under littoral conditions. The deposits laid down under a littoral 
environment are largely the result of wave action. Lack of abrasion 
of most of the fossil teeth from the Merychippus zone, some speci- 
mens preserving intact their long thin roots below the base of the 
crown, and the perfect preservation of the delicate structures of small 
teeth as in Archeohippus are some features of the organic remains 
which appear to mitigate against the postulate of accumulation on a 
wave-pounded beach. Moreover, it is difficult to conceive of large con- 
centrations of fossil specimens (horse teeth sometimes outnumbering 
the pebbles), as forming on a beach. 

A “marginal lagoon” is a body of water partially separated from 
the sea by a bar or barrier beach. Sediments from the land are brought 
in by fresh water and those from the sea by tidal currents. The water 
is usually salty. This type of environment might be regarded as 
favorable for the accumulation of sharks teeth and remains of land 
mammals. However, in a marginal lagoon the waters are quiet and as 
they periodically receive new sediments brought in by tides, the de- 
posits become well stratified at the time of accumulation. The strati- 
fication of lagoonal deposits is even and regular and the sediments 
consist for the most part of fine mud and silts. Remains of inverte- 
brates are usually abundant. These characteristics are not in accord 
with those exhibited by the deposits of the Merychippus zone. 

Estuarine deposits are laid down in an enlargement of a river 
channel near its mouth, when the latter has been drowned through 
coastal subsidence. Tidal currents are commonly more active here 
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than along the shores of the open sea, resulting in much scouring of 
the bottom. Remains of strictly marine invertebrates are uncommon. 
The sediments riverward are usually sands and silts, while those sea- 
ward are not unlike marine deposits. The intermediate estuarine 
area may have a bottom quite similar in appearance to that which 
probably prevailed in the locality of the Merychippus zone. With 
the exception of the absence of evidences of scoured channels, the 
deposits north of Coalinga present no other characteristics opposed 
to those seen in the bottom of estuaries. However, an estuary, pri- 
marily resulting from a subsidence of the coast, is in direct opposition 
to the probable conditions obtaining in the vicinity of the Mery- 
chippus zone during the time represented by the upper part of the 
**Temblor.”’ 

On the other hand, the deposits at the Merychippus zone present 
no characters serving to distinguish them from those of delta 
deposition. Delta deposits are divided into four classes;! the topset 
beds of the subaerial plain, the topset beds of the subaqueous slope, 
the deposits of the foreset slope, and the bottomset beds beyond the 
foreset slope. Sediments of the first two are characterized by sands 
and clays with gravel uncommon in the first. The bottomset deposits 
are similar to those deposited entirely under marine conditions. 

Both river and marine waters are concerned with the deposition of 
sediments on the foreset slope, the former adjacent to the ends of river 
distributaries and the latter over the intervening areas. The coarsest 
materials of the delta are found here. ‘These are usually deposited with 
an initial inclination, although the angles of inclination are usually low 
in large bodies of water. The upper portions of the foreset beds are 
deposited above wave base and the lower portions may be below that 
level. In turbid waters, marine organisms may be absent. The sedi- 
ments of the foreset slope are poorly sorted but stratified, in contrast 
to evidence of scour channels seen in the subaqueous topset beds. 
The rather uniform stratification of the last hundred feet of the ‘“Temb- 
lor’? on Domengine Creek, the gradual increase in coarseness toward 
the top of the section, the uniformity of size of the pebbles and of their 
disposition along the strike, the presence of cross-bedding, the asso- 
ciation of fossil types, the lenticular disposition of the conglomerates, 
are all in accord with this type of deposition. As judged in the light 
of the characters mentioned above, the Merychippus zone may be 
interpreted as an accumulation which took place in the subaqueous 
beds of a large river. 

The subaqueous region of a delta deposit appears to account for all 
the characteristics of occurrence exhibited by the fossil material at the 
vertebrate localities north of Coalinga. The scene of deposition may 
be visualized as the region in front of the mouths of distributary 


1W.H. Twenhofel, op. cit., 591-595. 
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streams and below the level of the sea, with a total area of accumulation 
whose width approximated one thousand feet, with a central area in 
which most of the material was concentrated within a width of approx- 
imately four hundred feet. The marine water above accounts for the 
presence of the shark teeth and other forms. The constant movement 
of sand and pebble particles along the bottom afforded the probable 
agent preventing population by marine invertebrates. The currents 
of the river over the subaerial part possessed a maximum strength 
capable of bringing pebbles up to one inch in diameter to the scene 
of accumulation. Within the areas of accumulation the water had 
sufficient strength to continue movement of the pebbles, but as these 
progressed seaward, less and less movement occurred. The specific 
areas of pebbles resulted from a trapping of this sedimentary material 
in shallow depressions from which the currents were unable to remove 
it. Clay, silt and slightly coarser particles, on sinking into the inter- 
stices between the pebbles, were thus protected from further move- 
ment. In like manner, isolated teeth and fragments of bones of land 
mammals were rolled seaward along the bottom. When a tooth or 
fragment became lodged between pebbles, it was able to successfully 
resist further movement. As the pebbly areas were built up, obstruc- 
tions were developed which hindered for a time a seaward movement 
of the finer material behind them. Eventually, however, a stage was 
reached where the fine sediments washed over and buried the gravel 
areas, protecting them from further disturbance. A new depression to 
the side or behind probably originated by this action with consequent 
initiation of a new cycle of accumulation. 

The lower density of the teeth and especially of the bone material 
accounts for their larger size in comparison with that of the pebbles. 
As mentioned under occurrence, the teeth rarely show signs of round- 
ing, many of the specimens still possessing all of their root portions. 
Transportation with rock material for a considerable distance would 
certainly be expected to remove all signs of the more fragile structures. 
This feature is suggestive of a relatively gentle process of transporta- 
tion and seems to indicate that the river bringing down the material 
carried very little large material. This type of stream is generally 
characteristic of a country well covered by vegetation. The angularity 
and excellent preservation of the teeth indicate further that in all 
probability many of the teeth did not fall from the individual jaw or 
skull, to which they belonged, until these organic remains had reached 
a position close to the area of burial. The skeletal elements are nearly 
always rounded. ‘This is to be expected, for after lengthy immersion 
bone is considerably softened, whereas teeth retain their hard structure 
for a much longer period of time. The rounding of the bone fragments 
is thus probably due as much to long immersion before burial as to 
abrasion during transportation. 
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None of the limb bones are complete, and large elements belonging 
to such forms as a mastodon or rhinoceros are entirely lacking. Skulls 
are also absent. These large skeletal parts were probably too heavy 
for transportation and were thus forced to lie upstream until disin- 
tegration developed fragments small enough to be transported. 

The organic remains were probably acquired originally by the river 
as material washed from its sides and from tributaries. This appears 
to be a normal process, since animals frequently die near or immedi- 
ately adjacent to stream courses. Unlike the case observed by Mat- 
thew! in his study of Merychippus primus from the Sheep Creek hori- 
zon of western Nebraska, the equine teeth from the Merychippus 
zone of California do not show ontogenetic stages of wear. Seasonal 
floods are thus insufficient to account for the acquisition of the ma- 
terial; rather does the acquisition appear to have been a continuous 
process. The type of deposit and its thickness suggest that the 
material required a period considerably longer than a brief span of 
years to be concentrated. 


ENVIRONMENT OF FAUNA 


While the merychippine horses were unquestionably the most 
prevalent mammals in the fauna of the Merychippus zone, their 
presence does not necessarily point to the existence of a wide-spread 
plain or steppe environment. These forms, in contrast to their living 
descendants, possessed quite clearly a number of more primitive 
structural characteristics in skull, skeleton and dentition, in which 
respect they were less favorably adapted to open country and to a 
diet comprised chiefly of gritty grasses. As a matter of fact, the 
hyposodont horses of to-day exist not only on the desolate plains of 
central Asia but are found also in open wooded country of South 
Africa and in the Himalayas. Thus a wooded region with interspersed 
grass-covered areas may be postulated as an environment particularly 
advantageous to the development of large numbers of merychippine 
horses. 

In this connection it is significant to recognize likewise the presence 
and diversity of the brachydont horses in the fauna. Among the latter, 
Hypohippus, with its broad feet and brachydont teeth, seems well 
adapted to life in a wooded environment. Parahippus, with teeth sim- 
ilar to those of Hypohippus, was probably also a browsing type. 
Archeohippus may well have occupied an environment similar to that 
of the present day deer, forms more typical of wooded areas than of a 
plains environment. On the other hand, Archeohippus with its 
slender limbs can hardly be regarded as having a range restricted 
to small tree-covered areas along stream courses. Similar suggestions 


1W. D. Matthew, Bull. Amer. Mus. Nat. Hist., vol. 50, 162-166, 1924. 
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are offered by members of the camelide and by Dyseomeryx. ‘These 
are all brachydont forms, whose habits are presumably akin to modern 
types occupying large wooded areas. 

The presence of rhinoceroses is not necessarily indicative of swampy 
ground since two of the living Indian species and both of the African 
forms are found in wooded areas adjacent to grassy plains. The living 
types feed on grasses and on the leaves of small shrubs and young 
trees. Judged in the light of its long limbs and brachydont teeth, 
Aphelops may have occupied a habitat featured by an open forest 
and its floral association including an undergrowth of grass. 

The Proboscidea as represented in the fauna by the mastodonts 
were without much question browsing forms. Like the rhinoceroses, 
brachydont horses and camels, these forms were certainly not restricted 
to small tree-covered areas adjacent to stream courses. 

The type of environment as here conceived readily admits of the 
presence of peccaries. ‘The character of the carnivore assemblage 
suggests a plentiful food supply. Doubtless these forms found ample 
opportunity to stalk their prey. 

Comparison of the fossil assemblage with a characteristic living 
assemblage of South Africa tends to emphasize the essentially normal 
numerical representation of individual types in the former. The large 
number of individuals of the Equidz obtained from the Merychippus 
zone may be misleading from the standpoint of actual representation 
of these mammals in the contributing area. It is quite probable that 
these forms were abundant on the land areas, but it must be remem- 
bered also that the structure of an equine tooth is such as to withstand 
better the vicissitudes incident to burial than that of teeth of many 
other types. In addition, the protohippine horses may have been 
more susceptible than other forms to the processes which brought 
about their ultimate entombment in the record. 

The fauna regarded as a unit suggests the presence of wooded 
country with sufficient ground-cover of grass to be attractive to both 
browsing and grazing types. An analysis of the fauna gives no special 
reason for recognition of a highly variable external environment. 
In view of the mobility of the types occurring in the fauna of the Mery- 
chippus zone, this assemblage doubtless furnishes a representative 
cross-section of the regional life of that time. 

Additional information concerning the climate and vegetational 
cover of this region of California during Temblor time may be drawn 
from the fields of invertebrate paleontology and paleobotany. Thus 
Kleinpell! has pointed out that the foraminifera of the Temblor sea 
indicate warm and almost tropical conditions. Warm water during 
this period is indicated also by the megafossil fauna. 


1R. M. Kleinpell, paper on A Proposed Biostratigraphical Classification of the California Mio- 
cene, presented at a meeting of the Micropaleontological Society in Los Angeles, Nov. 1933. 
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According to Chaney! the fossil floras of western North America 
indicate rather uniform climatic conditions during the Miocene. 
Chaney considers the Mascall flora and its equivalents as related 
to the oak-madrone forests of California, where topographic conditions 
of low relief have no particular influence upon a vegetation resulting 
from a rainfall of approximately thirty inches. 


STAGE OF EVOLUTION AND RELATIONSHIPS OF FAUNA 


On the basis of present age-determinations of Tertiary vertebrate 
horizons in western North America, the Merychippus zone assemblage 
may be regarded as late middle Miocene in age. In its stage of evolu- 
tion and in its relation to faunas of the Great Basin Province, the Mery- 
chippus zone occupies a position intermediate between the upper Mio- 
cene Barstow of the Mohave Desert and the middle Miocene Mascall 
of eastern Oregon. The Virgin Valley and Skull Spring faunas of north- 
western Nevada and eastern Oregon, respectively, are currently re- 
garded as approximately equivalent to the Mascall and their relation- 
ship to the fauna from the north Coalinga district is approximately 
comparable to that which the Mascall bears to the latter. The Mery- 
chippus zone fauna represents an intermingling of genera found either 
in the Barstow or in the Mascall. In general, the more progressive 
Mascall forms are found also in the horizon north of Coalinga. Like- 
wise, types having affinities with Barstow species are usually found to 
be related to the more primitive forms in the fauna from the Mohave 
Desert. This relationship is particularly interesting in view of the fact 
that the Barstow fauna is distinctly advanced beyond that of the 
Maseall. 

The Equide afford an excellent illustration of this intermediate 
position on the part of the fauna from the Merychippus zone. Parahip- 
pus brevidens is a species commonly occurring in the Mascall but not 
found in the Barstow. The Coalinga Hypohippus is considerably 
smaller than that found in the Barstow. However, the Archxohippus 
material from the Merychippus zone is clearly distinct from the 
Mascall species, A. ultzmus, and is specifically inseparable from the 
Barstow form, A. mourning:. Within the Merychippus group the 
small species, M. brevidontus, is found also at Skull Spring and Virgin 
Valley. M. brevidontus represents a more primitive species than any of 
the Barstow forms. Among two thousand teeth representing the 
species Merychippus californicus a considerable number present 
characters which are indistinguishable from those of M. isonesus of 
the Mascall. An equal number of these teeth, on the other hand, 
possess characters identical with those of M. swmani from the Barstow. 
Thus the characters displayed by this species reflect the intermediate 


1R. W. Chaney, Carnegie Inst. Wash. Pub. No. 349, 25, 1925. 
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position of the fauna. The primitive Mascall species, M. seversus and 
M. relictus, are absent from the Coalinga fauna, as is also the progres- 
sive species M. intermontanus which is characteristic of the Barstow. 

Among the carnivores the Amphicyon material is close to A. sinapius, 
& species recognized in the Mascall fauna. Amphicyon has not been 
recorded from the Barstow. Tomarctus from the Merychippus zone is 
not clearly distinguishable from either the Mascall or Barstow types. 
The presence in the Coalinga fauna of a large dog referred to the genus 
Atlurodon and similar to A. wheelerianus from the Santa Fé, is another 
indication of Barstow affinities. #lurodon is a more progressive form 
than related canids from middle Miocene horizons of the northwest. 
Hemicyon has not been recorded from the Mascall or Virgin Valley. 
However, a single upper carnassial from Skull Spring has been identi- 
fied as belonging to this form. A lower molar from North Coalinga 
is comparable to the corresponding tooth of Hemicyon barstowenses 
from the Mohave Desert horizon. 

The mastodont teeth, referred questionably to Muiomastodon or 
Trilophodon, are similar in size to specimens from Virgin Valley. 
The proboscidean material from the Barstow is noticeably larger, 
although the difference in size may have no special significance. 

Among the Artiodactyla, the camels offer some indication of the 
intermediate position of the Merychippus zone fauna. ‘The largest 
of the Coalinga forms is comparable in size to the smallest members 
of the group referred to Procamelus from the Barstow. 

Curiously, the genera Dromomeryx and Merycodus, although found 
in the Barstow assemblage and in the middle Miocene faunas of north- 
western Nevada and eastern Oregon, are absent in the Merychippus 
zone. Possibly ecological conditions are responsible for this absence 
at the Coalinga locality. 

A detailed comparison of the Merychippus zone fauna with the 
more important Miocene assemblages of the western Great Plains 
is unsatisfactory, due to incompleteness of information regarding a 
number of species occurring in the California horizon. On the basis 
of the stage of evolution of the Equide from the “Temblor’’ beds, this 
horizon represents an advance beyond the Sheep Creek or Mery- 
chippus primus zone of western Nebraska. The lower Snake Creek 
fauna differs from that of the Merychippus zone in the absence of 
4Ajlurodon and the presence of more progressive camels. 


STRATIGRAPHIC POSITION IN MARINE TERTIARY SERIES 


The type Temblor section described by F. M. Anderson! is located 
on Carneros Creek on the west side of the San Joaquin Valley north- 
west of the town of McKittrick. A similar section, also used for corre- 


1. M. Anderson, Proc. Calif. Acad. Sci., 3d ser., vol. 2, 156-247, 1905. 
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lation purposes, is found on Chico-Martinez Creek a few miles farther 
south. At these localities, the top of the Temblor was placed by Ander- 
son at the top of the so-called ‘“‘Button Bed’’ sandstone. The Temblor 
is also somewhat loosely regarded as a stage name for beds containing 
the mollusk Turritella ocoyana. However, T. ocoyana has been re- 
ported from beds thought to be stratigraphically higher than the 
“Button Bed” on Carneros Creek,! and its value as a marker fossil 
for the Temblor is thus questionable. 

The next higher stage is the Monterey, deposits so called being 
regarded as equivalent to beds found in the type section on the Mon- 
terey Peninsula. At the base of the type section occurs the forami- 
niferal zone characterized by Valvulineria californica, one of the most 
wide-spread microfaunal zones known in the Coast Ranges of Cali- 
fornia. 

At Chico-Martinez Creek and the type Temblor Section on Car- 
neros Creek, the top of the Button Bed sandstone is separated from 
the base of the Valvulineria californica zone by two hundred and fifty 
feet of shales which Cunningham and Barbat called the Gould shale.” 
It is with reference to the Gould shale that that part of the Kettle- 
man Hills’ section, containing beds regarded as equivalent to the Mery- 
chippus zone, are correlated. 

On Domengine Creek the beds assigned to the ‘“Temblor’’ have a 
thickness of approximately five hundred feet. ‘These beds lie uncon- 
formably above sandstones containing the ‘‘Leda zone”’ of the Krey- 
enhagen Group. The section is composed for the most part of alter- 
nating shales and sands increasing in coarseness toward the top of the 
section and containing the following recognizable units: (1) A thin 
zone of black or coaly clays sixty feet above the base. (2) A reef bed 
containing Scutella merriami, one hundred and sixty feet above the 
top of the coaly clay member. (3) White siliceous and diatomaceous 
shales fifteen feet in thickness, the ‘Indicator’? bed of Arnold and 
Anderson,’ forty-five feet above the top of the reef bed. The indicator 
bed may be traced southward across the Coalinga anticline. (4) The 
conglomerates containing the vertebrate fossils, one hundred and 
twenty feet above the indicator bed. (5) The overlying Big Blue is a 
large lens with a lateral extent of approximately twenty miles. This 
member is unusual in view of the fact that throughout most of its 
extent it consists of a compact mass of fine detritus made up of dust, 
flakes and pebbles of serpentine and, at some localities, conglomerates 
composed almost entirely of serpentine boulders. On Domengine 
Creek the Big Blue has a thickness of nearly two hundred and fifty 
feet. Itis unconformably overlain by beds of upper Miocene, Santa 

1R. D. Reed, Geology of California, Pub. Amer. Assoc. Petrol. Geol., 219, 1933. 

2C. F. Cunningham, and W. F. Barbat, Bull. Amer. Assoc. Petrol. Geol., vol. 16, 417-421, 


1932. 
3R. Arnold and Robert Anderson, Bull. U. 8. Geol. Surv. 398, 81-82, 1910. 


82 CONTRIBUTIONS TO PALAZSONTOLOGY 


Margarita age. North of Domengine Creek, in the vicinity of Salt 
Creek, the Big Blue attains a maximum thickness of more than one 
thousand feet. In a southerly direction it varies in thickness from two 
hundred to forty feet and finally lenses out on the south flank of the 
Coalinga anticline, north of Coalinga. 

In the vicinity of Oil Creek between Coalinga and Domengine Creek, 
Galloway! reports the presence of Turritella ocoyana in beds strati- 
graphically higher than the base of the Big Blue at the Merychippus 
zone locality. According to Reed,” north of Domengine Creek sand- 
stones containing 7’. ocoyana are found overlying the Big Blue. Ander- 
son and Pack® state that the fauna of the marine beds underlying the 
typical serpentinous shale occurs also in sandy beds interstratified with 
or overlying the Big Blue. The Big Blue and the underlying Merychip- 
pus zone are thus placed within the stratigraphic range of T'urritella 
ocoyana. 

The Domengine Creek section can be correlated with sections on the 
Coalinga anticline, which in turn are correlated with those penetrated 
by oil wells on the north dome of the Kettleman Hills. 

Correlations of oil well sections from the north dome of the Kettle- 
man Hills with the surface sections on Carneros and Chico-Martinez 
Creeks are made by means of successive comparisons southward of oil 
well sections from the south dome of the Kettleman Hills, the Lost 
Hills, North Belridge and Belridge oil fields. 

The following chart (fig. 3) attempts to show this correlation. The 
data for the Domengine Creek section are based on observations by 
the writer, as well as from the section illustrated by Merriam‘ and from 
information furnished by Reed.°® Information concerning the Coalinga 
anticline was derived from Reed’s Geology of California.® Data for the 
Kettleman Hills were furnished by Dr. Reed and were obtained also 
from correlation charts illustrating the geology and stratigraphy of 
the area by Gester and Galloway, and by P. P. Goudkoff.’ The Car- 
neros-Chico Martinez Creek composite section was obtained from 
charts published by Goudkoff.2 A correlation of the coaly clay 
member in the Domengine Creek section with the “lower variegated”’ 
in the Kettleman Hills and the base of the Big Blue with the base of 
the “upper variegated” was suggested by Dr. Reed.’ The correlation 
of the base of the Big Blue with the ‘‘upper variegated’ also follows 

1 John Galloway, Paper presented before Amer. Assoc. Petrol. Geol., Los Angeles, Nov. 1933 

2 R. D. Reed, personal communication. 

J Robert Anderson and Robert W. Pack, op. cit., 83, 1915. 

4 J. C. Merriam, op. cit., 5, 1915. 

5 R. D. Reed, personal communication. 

6 R. D. Reed, op. cit., 1933. 

7G. C. Gester and John Galloway, op. cit., 1169 and 1180, 1933; P. P. Goudkoff, op. cit., 485- 
475, 1934. 


8 P, P. Goudkoff, op. cit., 1934. 
9R. D. Reed, personal communication. 
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charts published by Gester and Galloway and Goudkoff.! There 
exists a rather general agreement that beds immediately or a short 
distance below the base of the “‘upper variegated”’ in the Kettleman 
Hills are equivalent to sandstones containing the Merychippus zone 
north of Coalinga. 

Goudkoff? correlates the 600-foot shale in north dome Kettleman 
Hills sections with the Gould shale on Chico-Martinez Creek, and the 
sandstones equivalent to the Merychippus zone with the lower part 
of the Valvulineria californica zone on Chico-Martinez Creek. This 
correlation places the Merychippus zone in the early upper Miocene 
as defined by Goudkoff,? and higher than the top of the Button Bed 
sandstone on Carneros Creek, thus placing the Merychippus zone 
stratigraphically above the Temblor, as originally defined by F. M. 
Anderson. 

Reed‘ regards the “Indicator Bed’? on Domengine Creek as the 
correlative of the 600-foot shale in the North Dome sections of the 
Kettleman Hills. He concurs with Goudkoff’s correlation of the 600- 
foot shale with the Gould shale on Carneros Creek, and believes that 
the horizon of the Merychippus zone should fall somewhere in the 
lower part of the Valvulineria californica zone on Carneros Creek 
which he considers to be late middle Miocene in age. 

It is evident that the sandstones containing the Merychippus zone 
north of Coalinga are probably equivalent to beds lying above the 
Temblor at the type section, and that the use of the name ‘‘Temblor”’ 
with regard to the beds containing Merychippus on Domengine Creek 
is open to question. 


AGE OF THE MERYCHIPPUS ZONE 


As previously discussed, the Merychippus zone is in stage of evolu- 
tion intermediate between the Mascall of eastern Oregon and the 
Barstow of the Mohave Desert, California. The Mascall has been 
regarded by vertebrate paleontologists as possessing a fauna typical 
of the middle Miocene. Chaney,® on the basis of evidence derived 
from fossil floras, has placed the age of the Mascall as middle or even 
upper Miocene. Simpson, in a recently published series of correlation 
charts,° places the Mascall in the early upper Miocene. One can 
conclude therefore that the Merychippus zone can not be older than 
late middle Miocene. In his description of the vertebrate faunas from 
the Mohave Desert, Merriam’ assigned an uppermost Miocene age 

1G. C. Gester and John Galloway, op. cit., 1169, 1933; P. P. Goudkoff, op. cit., 465, 1934. 

2P. P. Goudkoff, op. cit., 456, 1934. 

3 P. P. Goudkoff, ibid. 

4R. D. Reed, personal communication, Feb. 1935. 

5 R. W. Chaney, Carnegie Inst. Wash. Pub. No. 349, 48, 1925. 


6G. G. Simpson, Bull. Amer. Mus. Nat. Hist., vol. 67, 87, 1933. 
7J.C. Merriam, Univ. Calif. Pub., Bull. Dept. Geol., vol. 11, 454, 1919. 
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to the Barstow and referred the distinctly younger beds of the Ricardo 
to the lower Pliocene. Since these age determinations were made, 
Maxson! has found several of the horses peculiar to the Ricardo in 
beds of the Mint Canyon formation, which presumably underlies 
marine sediments of Cierbo or upper Miocene age. If the age deter- 
mination of the marine horizon is essentially correct, this relationship 
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Fig. 4—Correlation chart suggesting time relationships of several Miocene Vertebrate horizons 
in Western United States to Miocene marine stages of California and to the Sheep Creek and 
lower Snake Creek horizons of Nebraska. 


tends to push the Barstow lower into the Miocene. The Barstow is 
distinctly closer in stage of evolution to the Merychippus zone than 
it is to the Ricardo. The position of the Merychippus zone can not 
then be assigned to a period of time younger than early upper Miocene. 

The correlation of the Merychippus zone on Domengine Creek with 
the Valvulineria californica zone has a distinct stratigraphic value, 
for the late middle Miocene or early upper Miocene age of the 
Valvulineria californica as determined by its invertebrate faunas indi- 


1 J. H. Maxson, Carnegie Inst. Wash. Pub. No. 404, 77-112, 1930. 
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cates that, if the Miocene time scale as determined by the marine 
invertebrate faunas on the Pacific Coast is to remain essentially equiva- 
lent to that determined by means of continental vertebrate assem- 
blages, the Mascall must be regarded as occupying a position very 
close to the exact middle of the Miocene and not in the upper third 
as has been recently suggested. 

Figure 4 is a correlation chart suggesting the stratigraphic rela- 
tions of several vertebrate horizons to the Miocene Marine stages of 
California. 


SYSTEMATIC DESCRIPTION OF FAUNA 


Carnivora 


The carnivore material from the Merychippus zone consists entirely 
of isolated teeth. With the exception of a single tooth, referable to 
Hemicyon, the specimens fall naturally into three group sizes. These 
groups are referred to Tomarctus, Ailurodon and Amphicyon. Un- 
fortunately, the characters displayed by the carnassial teeth of mem- 
bers of the Canidz are usually only of generic significance. Com- 
parisons with known types emphasizes the fact that the present 
material is too incomplete to serve as a satisfactory basis for specific 
determinations. 


Tomarctus sp. 


The teeth of this small carnivore are referred without question to the 
genus Z'omarctus. While a critical study of the relationships of Tomarctus 
Cope and Tephrocyon Merriam have not been attempted, there appears to 
be no reason why Matthew’s! suggestion of generic identity of the two forms 
should not be accepted. In the following discussion the name Tephrocyon 
is regarded as a synonym of Tomarctus. 

The material from the Merychippus zone consists of four upper carnassials 
(Nos. 16038, 1604, 1605, and 1606), two lower sectorial teeth (Nos. 1607 and 
1608) lacking the anterior portions of the trigonids, the greater portion of 
an M1 (No. 1609), and a single premolar (No. 1610) (Plate 2, figs. 1, 2, 4, 
and 5). In the superior carnassials the parastyle is a small cusp or elevation 
on the anterior ridge of the paracone. The protocone has been broken away 
on three of the specimens, but is present on the fourth (No. 1603). In this 
tooth the position of the protocone is anterior to that of the paracone and 
the cusp is rather small and low. A distinct cingulum is present on the exter- 
nal side of the metacone in all four teeth. The upper molar is rectangular 
in shape, the lingual side having approximately the same anteroposterior 
diameter as the external side. ‘The paracone and metacone are low cusps 
connected by a slight ridge. The metaconule and protoconule are well 
developed. These cusps become connected at an early stage of wear and form 
an anteroposterior ridge across the middle of the tooth. The protocone 
is represented by a relatively heavy ridge, which runs across the entire lingual 
side of the tooth. In the two specimens presumably representing M1, the 
entoconid and hypoconid are equally developed. When slightly worn these 


1W. D. Matthew, Bull. Amer. Mus. Nat. Hist., vol. 50, 81-88, 1924. 
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two cusps evidently form a transverse ridge with a small basin in front and a 
valley behind. In one of the teeth (No. 1608) the metaconid is distinctly 
larger than in the second specimen (No. 1607). 

In size and arrangement of cusps these teeth compare favorably with 
several of the species referred to Tephrocyon or Tomarctus. The teeth are 
smaller than in the type of 7’. rurestris (Condon) from the Mascall, and slightly 
larger than those of the specimen referred by Merriam to T. temerarius Leidy 
from the Barstow. IT. kellogg: (Merriam) from the middle Miocene beds of 
Virgin Valley is a larger form. Compared to species from the Great Plains 
region the Coalinga specimens approach 7’. optatus Matthew more closely 
in size than they do any of the other known types. 7. brevirostris Cope is 
larger and the type of 7. confertus Matthew lacks the strong development of 
the proto- and metaconules seen in M1 from the Merychippus zone. Apart 
from size differences there appears to be very little to distinguish the Coa- 
linga species from most of the described forms. The material compares most 
favorably with 7’. optatus and may represent a species closely related to or 
identical with this form. 


/Elurodon sp. 


Four upper carnassials (Nos. 1611, 1612, 1613, and 1618), three of them 
complete, and three lower sectorial teeth (Nos. 1614, 1615, and 1617), one 
of which is perfectly preserved (No. 1615), are assigned to 4ilurodon (Plate 
2, figs. 6-9). In the upper teeth the parastyle is distinct, though small. 
The protocone is also small and occupies a position slightly anterior to that of 
the parastyle. The shearing blade is robust and heavy. In the lower teeth 
the metaconid is a distinct and well-developed cusp. The paraconid is smaller 
than the protoconid. The transverse diameter of the talonid region is smaller 
than that across the posterior side of the trigonid. The talonid possesses two 
cusps of which the hypoconid is the larger. 

The superior carnassials are almost identical in size, shape and in arrange- 
ment of cusps with those of Borophagus littoralis Vander Hoof,! described 
from Santa Margarita beds near McKittrick, California. The lower jaw 
of this form is not known, and it is principally for this reason that the material 
from the Merychippus zone is not referred to Borophagus. The specimens 
from north Coalinga, although slightly smaller, agree also with upper teeth 
of Borophagus cynoides (Martin) from the Hemphill quarries, Texas. The 
lower teeth of the Texan species are distinguished by larger size of talonid, 
relative to the trigonid. However, this Pliocene species obviously represents 
an advance over forms from the Miocene. It seems possible that the lower 
teeth of the Coalinga form may represent an ancestral stage to the later 
hyenognathoid dogs. These specimens from the Merychippus zone are 
considerably larger than those of any species of Tomarctus, although the 
dental characters offer but little to distinguish them from that genus. 

When compared with #lurodon wheelerianus Cope, the teeth from north 
Coalinga appear to be quite similar. In fact, no clear distinctions can be 
made between the two types. The lower teeth are practically identical and 
the principal difference in the upper teeth is presented by the slightly smaller 
parastyle of the Coalinga specimens. Because of the agreement between the 
Coalinga form and A. wheelerianus in both upper and lower teeth and because 
the lower teeth of B. littoralis are unknown, the Coalinga material is referred 
to Alurodon. However, the relative heaviness of the upper carnassials, 
coupled with the presence of a parastyle that is relatively smaller than in most 


1V.L. Vander Hoof, Univ. Calif. Pub., Bull. Dept. Geol. Sci., vol. 21, 15-24, 1931. 
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Elurodons, is rather suggestive. In view of the late middle Miocene position 
of the Merychippus zone it may be possible that this material represents a 
form, larger although not otherwise clearly distinguishable from Tomarctus, 
and ancestral to either or both Borophagus and 4ilurodon. The Coalinga type 
is considerably smaller than A. haydeni Leidy and the Ricardo form, A. 
aphobus Merriam. 


Amphicyon sp. 


Amphicyon is represented by two upper molars, an M1 (No. 1619) and an 
M2 (No. 1616), the trigonid and talonid portions of two lower carnassials 
(Nos. 1620 and 1621, respectively), a well-worn M2 (No. 1622), a canine tooth 
(No. 1623) and a premolar (No. 1624) (Plate 2, figs. 11-14). M2 (No. 1616) 
is a well-preserved tooth of the right side. In this tooth the paracone is more 
than twice as large as the metacone. The protoconule and metaconule are 
only slightly developed and form a small ridge on the internal occlusal surface. 
The protocone is a heavy ridge which runs across the entire lingual side and 
halfway up the posterior side of the tooth. The paracone has been lost from 
the M1 (No. 1619). The metacone in this tooth was probably equal in size 
to the paracone. In this tooth the protoconule-metaconule ridge is well 
developed and encloses a distinct basin behind the paracone. The protocone 
has been damaged by abrasion and its exact form is therefore not represented. 

In the lower carnassial fragments, the trigonid is considerably compressed 
in an anteroposterior direction. The metaconid is small and is essentially 
a part of the protoconid. The talonid is well worn; however, the hypoconid 
seems to have been the only important cusp, although some damage by abra- 
sion has removed any indications of an entoconid if present. A well-worn 
M2 (No. 1622) is also assigned to this genus. The characters of this tooth 
have been largely obliterated by wear; however, the tooth appears to have had 
two anterior cusps and a single posterior cusp as in Amphicyon. The antero- 
external corner of this tooth probably possessed a cusp sufficiently prominent 
to account for the small pocket worn in this area. This character was noted 
by Gazin! in a fragmentary M2 referred to A. sinapius Matthew from the 
Skull Spring deposits of eastern Oregon. A small pocket worn on the pos- 
tero-internal corner of the tooth may represent either a small entoconid or 
the worn surface may be due to an occlusion of the tooth with a cusp of an 
upper molar. 

These teeth are smaller than those of Amphicyon frendens Matthew. 
The fragmentary material available compares favorably in size and in ar- 
rangement of cusps with A. sznapius from the Great Plains. This species 
has also been recognized in the Mascall fauna. It seems probable that the 
Coalinga specimens represent A. sinapius. 


Hemicyon? sp. 


A lower second molar (No. 1625) (Plate 2, fig. 10) from the Merychippus 
zone resembles closely the corresponding tooth of the type of Hemicyon 
barstowensis Frick? from the Barstow Miocene of the Mohave Desert, Cali- 
fornia. ‘The cusps in this tooth are low and lack the trenchant character seen 
in Amphicyon. ‘The tooth is still further distinguished from the latter genus 
in the more posterior position of the protoconid-metaconid ridge with refer- 
ence to the anterior edge. Moreover, the hypoconid is a small low cusp, only 
slightly larger than the distinct entoconid. ‘The exact relationships of the 


1C. L. Gazin, Carnegie Inst. Wash. Pub. No. 418, 52, 1932. 
2 C. Frick, Bull. Amer. Mus. Nat. Hist., vol. 56, 28, 1926. 
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form characterized by this tooth are uncertain. However, the resemblances 
are more with Hemicyon than with any other genus. The tooth quite cer- 
tainly does not belong to any of the described canid types from the Mery- 
chippus zone. In Tomarctus, Ailurodon and in Borophagus the anterior 
cusps of M2 stand higher and have a considerably more trenchant character 
than in this tooth. 


RODENTIA 
Monosaulax sp. 


Among the rodents only the beaver group is recorded in the collections. 
A single cheek-tooth (No. 496) and a fragment of a ramus (No. 653) with two 
teeth were referred to this castorid genus by R. A. Stirton! of the University 
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Fic. 5—Miomastodon or Trilophodon ? sp. a, deciduous premolar, No. 1628; b, P4, No. 1630; 


c, deciduous premolar, No. 1629;d, M1?, No. 1633. Calif. Inst. Tech. Coll., Merychippus Zone 
North Coalinga district, California; x 1. 


of California. This genus has been recognized by Mr. Stirton in the Miocene 
of the Great Plains and in the Cedar Mountain fauna of Nevada. 


PROBOSCIDEA 


Miomastodon or Trilophodon? sp. 


The proboscidean material in the collections consists of the following 
specimens: Four deciduous premolars (Nos. 1626, 1627, 1628, and 1629), 
three fourth upper premolars (Nos. 1630, 1631, and 1632), an upper M1? 
(No. 1633), a partially complete M2? (No. 1634), and a number of miscel- 
laneous tooth fragments. Four of these specimens are illustrated in figure 5. 


1R. A. Stirton, personal communication. 
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No tusk or skeletal materials were found during the course of the excavations. 
The milk teeth and the permanent premolars possess four cusps, with each 
cusp remaining distinct and isolated until the tooth is worn almost to the 
base of the crown. Very few secondary cusps are present and these are ex- 
tremely small, being minor tubercles situated between the major cusps near 
the base of the crown. On several teeth the enamel of the four cusps is per- 
fectly smooth. The crown of the first molar, No. 1633, possesses three rows 
of two cusps each, although the individuality of the cusps disappears with 
wear. The partially complete M2? (No. 1634) is considerably larger than M1 
but is otherwise essentially similar. 

No. 1634 compares favorably with the type of Miomastodon merriami 
Osborn from the Virgin Valley beds of northwestern Nevada. In 1915 
Merriam! tentatively assigned a milk molar and a fragment of a permanent 
molar from the Merychippus zone to Tetrabelodon. While the present material 
offers little in contradiction to Merriam’s determination, the mastodont 
genera now recognized in the middle Miocene are Miomastodon and Tril- 
phodon. Satisfactory generic determination can not be made, however, on 
the basis of available specimens from the Merychippus zone. Mr. E. H. 
Colbert? of the American Museum of Natural History, who has examined 
the materials, has kindly made the following comment: ‘‘I believe the choice 
narrows down to Miomastodon or Trilophodon. It is pretty difficult to be 
definite.’ It is interesting to note, however, that the relationships of the 
Coalinga form appear to be with the more primitive members of the Pro- 
boscidea found in North America. Absence of representatives of the group 
on this continent prior to middle Miocene time may furnish a basis for re- 
garding the presence of these primitive forms in California as an indication 
of a near middle Miocene age for the Merychippus zone. 


PERISSODACTYLA 


Among the Equide five species have been recognized three anchitheriine 
genera, Hypohippus, Archeohippus and Parahippus, and two species of 
Merychippus. The major part of the collection consists of isolated teeth 
referable to the species Merychippus californicus, the type specimen of which 
was described by Merriam from this locality. The remaining species are 
represented by considerably smaller numbers of specimens. The Equide 
are of particular interest in that they clearly demonstrate the intermediate 
position of the Merychippus zone with respect to the Mascall and the Bar- 
stow. Three of the species, Hypohippus, Parahippus and Merychippus 
brevidontus are found in the Mascall and in other middle Miocene horizons 
of eastern Oregon and northwestern Nevada, while the Archxohippus is 
unquestionably a Barstow species. The material determined as Merychippus 
californicus includes teeth that show close resemblance to specimens from the 
Barstow and the Mascall. The Equide from the Merychippus zone have 
been described in detail in two previous papers by the writer.2 A résumé 
of these descriptions are included in the present paper. 


Hypohippus sp. 


An upper molar (No. 885) and three lower premolars (Nos. 886, 887 and 
888) belong to the genus Hypohippus. The material is unfortunately in- 


1J. C. Merriam, op. cit., 13, 1915. 

2 EB. H. Colbert, personal communication to Dr. Chester Stock. 

3 Ff. D. Bode, Carnegie Inst. Wash. Pub. No. 440, art. V, 1933; Carnegie Inst. Wash. Pub. No. 
453, art. V, 1934. 
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adequate for more than a generic determination. The Coalinga specimens 
are considerably smaller than the few teeth described as Hypohippus near 
affinus (Leidy) by Merriam from the Barstow, and they are unquestionably 
specifically separable from this form. Hypohippus has not been recorded 
from the Mascall. Hypohippus near osborni Gidley from the Virgin Valley 
beds is similar in most respects though somewhat larger than teeth from the 
Merychippus zone. The relationships of the north Coalinga form as based 
upon these teeth seem rather to be with the Virgin Valley form than with the 
Hypohippus from the Barstow. 


Archzohippus mourningi (Merriam) 


Following Merychippus, Archxohippus is one of the more commonly occur- 
ring forms in the collections from the Merychippus zone. To this genus 
have been assigned over fifty upper and lower cheek-teeth and a well-preserved 
ramus with P3-M3 (No. 484). Archxohippus mourningi, with higher- 
crowned cheek-teeth, from the north Coalinga locality, is a decidedly more 
advanced type than ‘Archzohippus ulttmus (Cope) from the Mascall. In A. 
ultimus the hypostyle consists of a single cusp, while in the Coalinga teeth 
this structure is triangular in shape and encloses a small fossette. M3 in 
the type of A. ulttmus is not reduced in size. On the other hand, the upper 
third molars of Archxeohippus from the Merychippus zone show considerable 
reduction when compared to the two preceding molars. In the Coalinga 
teeth the protocone and hypocone widen toward their base to an extent 
which considerably obstructs the opening of the valley between protoloph 
and metaloph. In the Mascall form this valley is widely open and the two 
internal cusps are smaller. None of the teeth from the Merychippus zone 
exhibits the heavy internal cingulum seen in the type of the Mascall species. 

The teeth from the Merychippus zone agree in almost all respects with 
the type and paratype of A. mourning: (Merriam) from the Barstow. The 
only noticeable difference appears to be the absence of an external cingulum 
on lower teeth of the paratype. This character varies considerably in the 
large collection of teeth from the Merychippus zone and appears to have no 
diagnostic value. The Coalinga material is referred unquestionably to A. 
mourningi and is clearly distinct from the Mascall species. 


Parahippus brevidens Marsh 


Parahippus is represented in the collections by some twenty well-preserved 
upper and lower cheek-teeth. That the material should be assigned to a pro- 
gressive parahippine form is indicated by the relatively high crowns, abundant 
cement, and progressive character of the ptychoid crenulations of the walls 
of the metaloph. These features serve to isolate the Coalinga form from most 
of the species of Parahippus. In development of the crenulations on the walls 
of the metaloph, the teeth from the Merychippus zone agree closely with 
Parahippus crenidens Scott. They differ from P. crenidens, however, in 
their less strongly developed ectoloph, shape of protoloph and heavy coating 
of cement. The deciduous teeth of Parahippus cognatus, while similar 
in some characters, represent a much larger horse. Comparisons with this 
form are inadequate, since no milk teeth of Parahippus have been recognized 
in the collections from the Merychippus zone. 

Several teeth in the collections of the California Institute of Technology 
from the Mascall and referred to Parahippus brevidens Marsh are practically 
identical with the Parahippus teeth from North Coalinga. A comparison with 
the type of P. brevidens as well as with the topotype material fails to disclose 
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any characters which may serve to separate the Coalinga form from this 
species. Parahippus has not been recorded from the Barstow nor, so far as 
the writer is aware, from any Miocene horizon as late in age as the Barstow. 
The presence of Parahippus may therefore have some significance in pointing 
toward a close time relationship between the faunas from the Merychippus 
zone and the Mascall. 


Merychippus brevidontus Bode 


This species is known by approximately seventy-five upper and lower cheek- 
teeth. The specimens, although representing fully hypsodont teeth, possess 
exceptionally low crowns and exhibit extreme complexity of the enamel 
pattern. The characters seen in these teeth do not intergrade with those 
of the larger and more abundant species, M. californicus, and were employed 
therefore in the recognition of a new specific type. ‘Teeth referable to this 
species are relatively abundant in middle Miocene collections from eastern 
Oregon and northwestern Nevada. ‘Teeth similar to M. brevidontus are 
absent in the Barstow and related upper Miocene horizons. A detailed 
description of M. brevidontus has been given in a previous paper.! 


Fic. 6—Rhinocerotid cf. Aphelops. a, upper cheek-tooth, No. 1639; b, M3, No. 1744. 
Calif. Inst. Tech. Coll., Merychippus Zone, North Coalinga district, California; x 1. 


Merychippus californicus Merriam 


The Merychippus zone derives its name from the abundant representation 
of this species in the north Coalinga horizon. Cheek-teeth of Merychippus 
californicus comprise nearly half of all the specimens collected from this zone. 

The degree of variation of the cheek-tooth characters as seen in this col- 
lection makes it difficult to determine the exact affinities of this species. 
The average grouping of characters seems to be generally distinct from the 
average grouping of characters seen in similar large collections from other 
horizons. Individual teeth can frequently be assigned to any one of several 
species of this genus from North American Miocene horizons. In general, 
the variations more frequently represented are those which would include 
Merychippus isonesus (Cope) from the Mascall and M. sumani Merriam from 
the Barstow. A fuller discussion of the characters and relationships of M. 
californicus has been given in a previous paper.’ 


1. D. Bode, Carnegie Inst. Wash. Pub. No. 453, art. V, 42-43, 1934. 
2F. D. Bode, Ibid., 43-47, 1934. 
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Rhinocerotid cf. Aphelops 


Some fifteen teeth in the collections are referable to the Rhinocerotide. 
A generic determination is questionable. However, the brachydont char- 
acter of the dentition tends to affiliate this form with Aphelops rather than 
with Teleoceras. ‘The teeth show a slight development of the crochet and 
ante-crochet. The two features of the enamel pattern were not found asso- 
ciated in a single tooth. Two tarsal elements (Nos. 1636 and 1637) are also 
present in the collections. These elements resemble those of Aphelops more 
closely than they do Teleoceras and may afford corroborative evidence for the 
present determination. 
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Fic. 7—Prosthennops? sp. a, Dp 4, No. 1638; b to e, 
isolated cheek-teeth, Nos. 1745, 1746, 1747, and 1748 in- 
clusive. Calif. Inst. Tech. Coll., Merychippus Zone, North 
Coalinga district, California. x 1%. 


ARTIODACTYLA 
Prosthennops? sp. 


A dicotyline form previously known by a few teeth is represented in the 
collections by fifteen upper and lower molars and premolars. Definite 
generic determination of the form on the basis of this material is not trust- 
worthy, but certain characters of the premolars are suggestive of Prosthennops. 
The four-cusped arrangement, on the occlusal surface in the premolars, in 
contradistinction to a fewer number of cusps seen in species of Desmathyus 
and the tendency of the four cusps to remain distinct rather than to develop , 
into cross-crests as in Platgyonus are characters in which the Coalinga genus 
resembles Prosthennops. A deciduous fourth premolar (No. 1638) (fig. 7a) 
and two specimens assigned to Dp3 (Nos. 1639 and 1640) are similar to cor- 
responding teeth in the type of Desmathyus validus Matthew. The perma- 
nent teeth are bunodont with a tendency to become multi-cuspid, which 
distinguishes them from teeth of Platygonus in which the cusps are simpler, 
higher and fused into cross-crests. Several astragali in the collection are also 
referred to this form. These specimens are approximately comparable in 
size to similar elements in the Barstow collections. 


Camelidze 


The collections from the Merychippus zone contain nearly one hundred 
teeth referable to the Camelidze. These teeth do not fall into any distinctive 
groups according to size but appear to be gradational in this character from 
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the smallest to the largest. The dentition is brachydont. In addition to 
the teeth, however, the collection contains a representation of carpal and 
tarsal elements. Within this collection there appear to be three types of 
sizes represented, although specimens intermediate in size between those of 
individual groups are not lacking. 

The characters displayed by the cheek-teeth, as for example size and 
strength of the external styles, have little value in attempting to make a gen- 
eric determination. Most of the skeletal material has suffered considerably 
from abrasion. As a result, the diagnostic characters are for the most part 
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Fig. 8—a to j, Procamelus sp. a toc, lower molar, No. 1749; d to f, upper 
molar, No. 1750; g toi, P4, No. 1751; j, astragalus, No. 1752. k to q, Alti- 
camelid?; k to m, lower molar, No. 1753; n to p, upper molar, No. 1754; q, 
astragalus, No. 1755. Calif. Inst. Tech. Coll., Merychippus Zone, North 
Coalinga district, California. All teeth natural size; astragali x 4. 
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but poorly defined. The astragali offer perhaps the best basis for the grouping 
of the forms. The larger astragali are comparable in size to those from the 
Barstow referred by Merriam to Procamelus. The larger premolars in the col- 
lection are of a size nearly comparable to that seen in average specimens 
of species of this genus. The larger cheek-teeth present no characters which 
would serve to separate them from Procamelus. In view of the relative abun- 
dance of specimens representing this genus in most upper Miocene collections, 
it seems reasonable to suppose that these very similar teeth from the Mery- 
chippus zone represent Procamelus. 

The second form has been recognized largely by the characters of the 
astragali. Approximately fifteen of these elements in the collection, slightly 
smaller in size than the material referred to Procamelus, are distinguished 
from the latter by their narrowness. These narrow astragali may represent 
an alticamelid in the collections. ‘To this type has been assigned teeth which 
seem to occupy also an intermediate size position. The narrow astragali 


Fic. 9—Small camelid, possibly Miolabis. a to c, 
upper molar, No. 1756; d to f, lower molar, No. 1757; 
g, astragalus, No. 1758. Calif. Inst. Tech. Coll., Mery- 
chippus Zone, North Coalinga district, California. 
Teeth natural size, astragalus x 4. 


certainly indicate the presence of a form differing specifically from that known 
by the material referred to Procamelus and the smallest camelid. The group 
of smaller forms compares in size and in structure of cheek-teeth to some 
undescribed specimens of Miolabis californicus Maxson from the Mint 
Canyon beds of California. It appears possible that the small teeth and limb 
elements in the collection from the Merychippus zone may belong to this 
genus. 

Plhiauchenia and Protolabis differ from the types recorded in the present 
collection in larger size and hypsodont cheek-teeth. 


Blastomeryx (Dyseomeryx) sp. 


One upper (No. 1641) and four lower molars (Nos. 1642, 1643, 1644, and 
1645), a third or fourth lower premolar (No. 1646) and two deciduous upper 
molars (Nos. 1647 and 1648) together with several astragali are referred to 
Dyseomeryx Matthew, known from the Sheep Creek beds of western Nebraska. 
All of the teeth are short-crowned and are thus excluded from the genus 
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Merycodus. The metaselene and protoselene of the milk teeth (Nos. 1647, 
1648) remain isolated throughout most of the wear of the tooth. These cres- 
cents are connected to the ectoselene in the permanent molar, but are ap- 


Fic. 10—Blastomeryx (Dyseomeryz) sp. a to e¢, P4 or 
P3, No. 1646; d to e, Dp4? Nos. 1647 and 1648 inel.; 
f and g, lower molars, Nos. 1643 and 1644 incl. Calif. 
Inst. Tech. Coll., Merychippus Zone, North Coalinga 
district, California. Figs.a to c,x 1; figs.d to g,x 1%. 


parently not joined together until a late stage of wear. In M3 (No. 1642) 
the internal talonid cusp is more or less completely united with the hypo- 
conid, asin D. riparius Matthew. There is practically no indication of a basal 
cusp between the outer crescents of the lower molars. An anterior basal 
cingulum is but slightly developed on these teeth. The development of the 
cross-crests in P3 or P4 (No. 1646) is similar to that found in many of the 
species of Blastomeryx. ‘This specimen is somewhat larger than in the ramus 
of D. riparius, illustrated by Matthew.! The median transverse crest is 
expanded internally with an incipient pillar developing from the postero- 
internal side of the main pillar. The remaining crests have a simple rectilinear 
appearance. The astragali are small but present no other distinguishing 
characteristics. 

The character of brachydonty excludes this form from Merycodus. Com- 
pared to teeth in species of Blastomeryx, the Coalinga specimens are consid- 
erably larger. The latter are almost identical in appearance to Blastomeryx 
(Dyseomeryx) riparius Matthew from the Sheep Creek beds of western 
Nebraska. This subgenus was erected by Matthew to include large species 
otherwise referred to Blastomeryx. The enamel walls of the teeth are slightly 
rugose, but this character is not so well developed as in Dromomeryz. 


1W. D. Matthew, Bull. Amer. Mus. Nat. Hist., vol. 50, 196-199, 1924. 


CaRNEGIE INst. WASHINGTON Pus. 453 (VI)—Bops PLATE 1 


Fic. 1—View of geologic section on Domengine Creek from the west, showing approx- 
imate position of ‘‘Temblor,” Big Blue, and Santa Margarita contacts, and 
stratigraphic position of Calif. Inst. Tech. localities 108 and 129. Merychippus 
zone, North Coalinga district, California. 
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Fig. 2—View of quarry wall in Merychippus zone at Calif. Inst. Tech. locality 129. 
Pebble conglomerate lenses containing fossil material are outlined in dotted 
lines. 
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Fics. 1 and 2— Tomarctus sp. Figure 1, P4, No. 1603; figure 2, M1, No. 1601. 

Fic. 3—Amphicyon sp., talonid of M1, No. 1621. 

Fries. 4-5a— Tomarctus sp. Figure 4, M1, No. 1607; figure 5 and 5a, M1, No. 1608. 

lias. 6-9a—lurodon sp. Figures 6 and 6a, P4, No. 1613; figures 7 and 7a, Mi, No. 1614; 
figures 8 and 8a, M1, No. 1615; figures 9 and 9a, P4, No. 1611. 

Fics. 10-10a—Hemicyon? sp., M2, No. 1625. 


Fras. 11-14a—Amphicyon sp. Figures 11 and 1la, M2, No. 1622; figure 12, M2, No. 1616; 
figure 13, M1 with paracone restored, No. 1619; figures 14, 14a, trigonid of M1, No. 
1620. 


All specimens from Calif. Inst. Tech. Collections, Merychippus zone, North Coalinga district, 
California; x 34. 
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A MIOCENE MAMMALIAN FAUNA FROM SUCKER 
CREEK, SOUTHEASTERN OREGON 
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A MIOCENE MAMMALIAN FAUNA FROM SUCKER 
CREEK, SOUTHEASTERN OREGON 


INTRODUCTION 


Sediments occurring along the lower course of Sucker Creek,! in 
eastern Malheur County, Oregon, have been correlated with the 
Payette formation of southwestern Idaho on the basis of fossil plant 
remains found in them. A fossil mammalian fauna, collected from 
the Sucker Creek beds by field parties of the California Institute, now 
makes possible a clearer understanding of the relationships between 
the Miocene mammalian stages found in the northern Great Basin 
Province and the Payette stage of southwestern Idaho. Because of 
its incompleteness, the Payette mammalian assemblage up to the 
present time has furnished no thoroughly satisfactory basis for com- 
parison with similar faunas occurring farther to the west. 

The Payette formation, occurring in the region drained by the lower 
course of the Snake River, was named by Waldemar Lindgren in 
1898.2 The flora has been described by F. H. Knowlton’? and more 
recently by R. W. Chaney.‘ The age of the Payette has been deter- 
mined chiefly by plant remains. In support of a Miocene age for this 
plant assemblage Chaney makes the following statement: ‘‘The 
position of the Payette formation, above basalt lavas, is in accord 
with the relation of the Miocene Mascall formation to the Columbia 
lavas in Oregon. Vertebrate remains collected from the Payette 
formation by Buwalda are referred by him to the Middle or Upper 
Miocene. ‘There appears, therefore, to be an agreement between the 
evidence of the flora, the fauna and the stratigraphy in pointing toward 
the Miocene age of the Payette formation.”’ ° 

Future geologic mapping may show that the Sucker Creek beds are 
an integral part of the Payette formation. That the Sucker Creek 
beds are directly related in age to the Payette is shown by the flora, 
and such comparisons as can be made between the fossil mammals 
obtained at Sucker Creek and those from the type section of the 
Payette are fully in accord with this view. Buwalda® reports the 
presence in the Payette beds of Idaho of a fauna which includes a 
mastodont, Hypohippus, a rhinocerotid, Merycodus, and a camelid. 

Approximately forty miles west of the Sucker Creek deposits is the 
Skull Spring occurrence. The beds of that name have yielded a large 

1 Qn many maps this creek is called Succor Creek. Since the present spelling of the name is 
that recorded on recent road maps, it is adopted in this paper. 

2°W. Lindgren, 18th Ann. Report U. S. Geol. Surv., Pt. 3, 632-634, 1898. 

3 Ff. H. Knowlton, 18th Ann. Report U. 8S. Geol. Surv., Pt. 3, 721-744, 1898. 

4R. W. Chaney, Amer. Jour. Sci., ser. 5, vol. 4, 214-222, 1922. 


5 R. W. Chaney, zbid., 220, 1922. 
6 J. P. Buwalda, Science, n.s., vol. 60, 572-573, 1924. 
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and varied mammalian assemblage described by C. L. Gazin.! Gazin 
assigns a Middle Miocene age to the fauna, correlating it with the 
Mascall of north-central Oregon and with the Virgin Valley of north- 
western Nevada. ‘The sediments carrying the fossils were correlated 
with the Payette formation. 

The more important collecting localities in the Sucker Creek beds 
occur approximately nine miles north of Rockville, Oregon, and 
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Fia. 1—Index map of portion of eastern Oregon and adjacent region of western Idaho, 
showing location (X) of Sucker Creek fossil vertebrate occurrence. 


approximately five miles west of the Oregon-Idaho border. Loca- 
tion of the beds is shown on the accompanying map (fig. 1). 

The beds carrying the fossils consist of fine- to medium-grained 
pyroclastics, varying from white to green and brown in color. Pres- 
ence of fish vertebrae and of ostracod shells indicates deposition of at 
least a portion of the sediments in a body of water. 

Fossil mammalian remains were first discovered in the Sucker Creek 
beds by Chester Stock and E. L. Furlong in 1927. The writer is 


1 ©. L. Gazin, Carnegie Inst. Wash. Pub. No. 418, 37-86, 1932. 
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indebted to Dr. Stock for the opportunity to undertake this study 
and for kindly advice and criticism during its progress. The illustra- 
tions were prepared by Mr. John L. Ridgway. 


SUCKER CREEK FAUNA 


While the mammalian collections from Sucker Creek are rather 
fragmentary and incomplete, nevertheless sufficient material is avail- 
able to permit certain reasonably trustworthy conclusions. Con- 
tinued collecting in the Sucker Creek region doubtless will give a 
fuller representation than is now known of the fauna which inhabited 
the region at the time the beds were deposited. 

The following is a list of the forms recognized in the present col- 
lection: 


Carnivora 
Canid (?) sp. 
Rodentia 
Sciurid (?) sp. 
Chalicomyid sp. 
Mylagaulus cf. levis Matthew 
Proboscidea 
Mastodont sp. 
Perissodactyla 
Hypohippus near osborni Gidley 
Parahippus avus (Marsh) 
Merychippus isonesus (Cope) 
Merychippus brevidontus Bode 
Rhinocerotid sp. 
Moropus sp. 
Artiodactyla 
Prosthennops (?) sp. 
Ticholeptus sp. 
Dromomeryx near borealis (Cope) 
Merycodus cf. nevadensis Merriam 
Camelid (?) sp. a 
Camelid (?) sp. b 


ENVIRONMENT OF FAUNA 


Although the vertebrate fossil record is fragmentary, certain sugges- 
tions are indicated as to the environmental conditions that prevailed 
in the region during the period of deposition of the Sucker Creek 
sediments. The brachydont ungulates represented by Hypohippus, 
Parahippus, Moropus and Dromomeryx were evidently browsing types 
and their presence suggests a glade or forest environment, with a 
humidity greater than that of the semiarid desert which characterizes 
the region today. On the other hand, the occurrence of hypsodont 
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grazing forms, as for example Merychippus and Merycodus, may well 
suggest an association of extensive grasslands with the forest areas. 

The conclusions as to the environment indicated by the Payette 
flora, derived by Chaney, are in accord with the evidence offered by 
the brachydont, browsing ungulates. Chaney considers the climate 
to have been similar to that of northern California and southwestern 
Oregon today. A forested region of some relief is indicated, with 
oaks as the dominant form on the slopes, while the lake or stream 
borders were swampy.' 


AGE AND RELATIONSHIPS OF FAUNA 


In the light of the known Tertiary faunal stages for western North 
America the assemblage from Sucker Creek is certainly of Miocene 
age. Presence of the species Merychippus isonesus, Dromomeryx near 
borealis, and Mylagaulus cf. levis, found in Middle Miocene faunas 
elsewhere, would seem to suggest a nearly comparable age for the 
Sucker Creek assemblage. Hypohippus, Parahippus and Moropus 
are unfortunately too incomplete for specific determination, but may 
be indicative likewise of this stage. 

The mammalian assemblage most closely related to the Sucker 
Creek fauna in time and in geographic position is that reported from 
the region of Skull Spring by Gazin.? The similarity between the 
two faunas is at once apparent from a comparison of the faunal lists 
given below: 


SUCKER CREEK SKULL SPRING 
Carnivora Carnivora 
Tomarctus cf. brevirostris 
Cope 
EKuoplocyon (?) sp. 
Canid (?) sp. Canid (?) sp. 


Amphicyon sinapius Matthew 

Amphicyon cf. frendens 
Matthew 

ef. Pliocyon medius Matthew 

Hemicyon n. sp. 

Martes (Tomictis) gazini Hall 


Rodentia Rodentia 
Sciurid (?) sp. Sciurus malheurensis Gazin 
Sciurus tephrus Gazin 
Citellus longirostris Gazin 
Liodontia alexandre (Furlong) 
Mylagaulus cf. levis Matthew Mylagaulus ef. laevis Matthew 
Diprionomys (?) oregonensis 
Gazin 
Chalicomyid sp. 
1R. W. Chaney, op. cit., 221-222, 1922. 
2C. L. Gazin, op. cit., 37-86, 1932. 
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SUCKER CREEK 


Proboscidea 


Mastodont sp. 


Perissodactyla 


Hypohippus near osborni 
Gidley 
Parahippus avus (Marsh) 


Merychippus isonesus (Cope) 
Merychippus brevidontus Bode 


Rhinocerotid sp. 
Moropus sp. 


Artiodactyla 


Prosthennops (?) sp. 
Ticholeptus sp. 
Dromomeryx near borealis 


(Cope) 


Merycodus cf. nevadensis 
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SKULL SPRING 


Proboscidea 


Mastodont sp. 


Perissodactyla 


Hypohippus sp. 


Parahippus near coloraden- 
sis Gidley 

Merychippus isonesus 
(Cope) 


Rhinocerotid sp. 
Chalicothere (?) sp. 
Tapirid sp. 


Artiodactyla 


Platygonus (?) sp. 

Ticholeptus (?) sp. 

Dromomeryx near borealis 
(Cope) 

Blastomeryx (?) sp. 

Merycodus sp. a 


Merriam 
Merycodus sp. b 
Camelid (?) sp. a 
Camelid (?) sp. b 


Many of the forms recognized in the Sucker Creek fauna are repre- 
sented likewise in the Skull Spring assemblage by either identical or 
closely related types. It appears entirely possible that the Sucker 
Creek faunal stage is a near, if not a direct, chronologic equivalent of 
that described from Skull Spring, although the deposits in which the 
former occurs may represent a longer period of accumulation than 
that recorded by the beds containing the latter horizon. Gazin has 
pointed out the close resemblance between the Skull Spring fauna 
and the assemblages known from the Mascall and the Virgin Valley. 
As in the case of the Skull Spring assemblage, that from Sucker Creek 
shows a slightly greater resemblance to the Virgin Valley fauna than 
to the Mascall fauna, and this is especially noticeable in a comparison 
of the ungulates. Similarity of types is also seen when comparison is 
made with the fauna from the Pawnee Creek beds of Colorado and 
with that of the Lower Snake Creek beds of Nebraska. 
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SYSTEMATIC DESCRIPTION 


Carnivora 
Canid (?) sp. 


Remains of carnivora in the fauna consist chiefly of jaw and limb frag- 
ments too incomplete to indicate definite family relationships. One specimen, 
an M1, No. 1771, C. I. T. Coll. Vert. Pale. (Plate 1, fig. 4), is complete, 
however, and may represent a member of the Canide, although it appears 
to be distinct from any known genus of that family. The tooth is semi- 
quadrate in shape with broad heel. It is extremely low-crowned, the cusps 
barely rising above the general level of the occlusal surface. ‘The paracone 
and metacone are placed well in from the outer edge, which is marked by a 
distinct cingulum. A faint anteroposterior ridge runs through the paracone 
and metacone. A low ridge curves forward and outward around the proto- 
cone. A weak protoconule attached to the protocone is likewise connected 
with the paracone by a faint ridge. ‘The protocone lies entirely in the 
anterior half of the tooth. A metaconule is present at the postero-external 
end of the hypocone ridge. 


Measurements (in millimeters) 


Anteroposteriondiametert: c).5).cs eee eo is eea stone 0 eee Oh eee ee ie ae 9.3 
Transverse diameter. oe ee cave aes Ie ees ea ss Tea hci hs Be re ce eM A CaP 10.5 


Rodentia 
Sciurid (?) sp. 


A fragmentary ramus without teeth, No. 1779 C. I. T. Coll., suggests a 
sciurid type, but the determination is by no means certain. Four quadrate 
cheek-teeth were apparently present as in the Sciuride, and the ramus is 
somewhat heavier and more massive than that in modern representatives of 
that family. 

Chalicomyid sp. 


A single tooth fragment, No. 1773 C. I. T. Coll. Vert. Pale. (Plate 1, fig. 2), 
suggests the presence of a member of the Chalicomyide. The specimen 
unfortunately does not provide a basis for a more definite determination. 


Mylagaulus cf. levis Matthew 


A single mylagaulid tooth, No. 1042 C. I. T. Coll. Vert. Pale. (Plate 1, 
figs. 3, 8a), an upper fourth premolar, is practically identical in size and in 
structure with specimens from Skull Spring, referred by Gazin! to Mylagaulus 
cf. levis Matthew. Five enamel lakes are present on the occlusal surface, 
although six or seven may have been present originally. The anterior lake 
has a bifurcate front border and appears to have been formed by the union 
of two lakes. In the postero-external lake the posterior border is bifurcate 
and this structure appears also to be the result of a union of two lakes. 
The external lake is quite small and elliptical in shape, while the others are 
elongate anteroposteriorly. 

A fragment of a right ramus, No. 1774 (Plate 1, fig. 1), bears M2 and M3 
and the posterior portion of P4. The posterior molars are simple cylindrical 
teeth. M2 possesses four enamel lakes while three lakes are present in M3. 


1C, L. Gazin, ibid., 69-71, 1932. 
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Measurements of teeth (in millimeters) 


Anteroposterior diameter................. 
Mransverse diameters. occe es cuee os bee. 


Proboscidea 


Mastodont sp. 


Fragments of teeth and incomplete limb elements are recognized as belong- 
ing to a mastodont type, but the specimens are not sufficiently complete to 
permit a more detailed determination. 


Perissodactyla 
Hypohippus near osborni Gidley 


An unworn complete M3, No. 1769 (plate 2, 
figs. 4, 4a), and the posterior portion of an upper 
cheek-tooth, No. 1048 (fig. 2), represent the genus 
Hypohippus. The specimens are so strikingly 
similar to teeth from the Virgin Valley beds de- 
scribed by Merriam! as Hypohippus near osborni, 
that Merriam’s discussion of the affinities of the 
Virgin Valley form holds equally well for the ie, 2—Hypohippus near 


Sucker Creek specimens. It may be noted, how- osborni Gidley. Fragment 
ever, that in No. 1769 a groove running part way of upper cheek tooth, 
down the lingual side of the metaconid is faintly NO, WDE, @esnee! Vela 

‘ : x1.0. Calif. Inst. Tech. 
suggested and a tiny tubercle is present at the Chill, Sindee Creal, IN Roe 
entrance to the postero-internal valley. cene, Oregon. 


Measurements (in millimeters) 


NES Now GO wantero posterior diameter aera eee aa re ee eee 23.5 
NStTINOsIiGOR transV.erselGlaMetel ariel no cre ee crooks Ciel cuatelcholatelans als 12.5 


Parahippus avus (Marsh) 


A number of lower cheek-teeth, Nos. 442 (fig. 3b), 448-445, 1045 (fig. 3a), 
and 1046 C. I. T. Coll. Vert. Pale., are referred to the species Parahippus 
avus (Marsh) recorded from the Mascall 
formation of north-central Oregon.2. The 
teeth are featured by very strong external 
cingula and by the presence of cement in 
the valleys. M3, No. 1046, possesses a 
very heavy deposit of cement but has only 
a weak cingulum. A very low cingular 
cuspule is present at the base of the ex- 
ternal median valley in all of the speci- 


: ° Fic. 3—Parahippus avus (Marsh). 
mens. ‘The inner walls of the protoconid Rilo a Oth i ceciteal Siew B. 


and hypoconid show a slight crenulation D3 ietkpalin uaa wa ee Gale Glow: 
of the enamel and this becomes less dis- x1.0. Calif. Inst. Tech. Coll. Sucker 
tinct with wear. Tiny cuspules may be Creek Miocene, Oregon. 


present at the bases of the interior valleys, 


1J.C. Merriam, Univ. Calif. Pub., Bull. Dept. Geol., vol. 6, 257-261, figs. 25-27, 1911. 
*H. F. Osborn, Mem. Amer. Mus. Nat. Hist., vol. 2, pt. 1, 87, 88, 1918. 
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attached to the walls of the metaconid and metastylid. The entostylid is a 
well-developed pillar, rising from the posterior cingulum. Its summit in a little- 
worn tooth is somewhat lower than that of the entoconid. The metaconid and 
metastylid are separated by a groove which is distinct for a distance extending 
approximately half-way to the base of the crown. The metaconid sends a long 
narrow projection into the antero-interior valley. In one specimen, No. 445, 
this projection is represented by a separate antero-posteriorly elongated 
style and there is a prominent buttress on the anterior wall of the protoconid 
loph. The floors of the interior valleys are situated somewhat above the 
base of the crown and the valleys are consequently rather shallow in vertical 
depth, becoming reduced by wear to mere notches. The external valley 
extends well into the crown throughout all stages of wear. 

The Sucker Creek form shows advance over the type found at Skull Spring! 
in greater height of crown, slightly larger size, presence of cement and of a 
heavy continuous external cingulum. Moreover, the teeth from the Sucker 
Creek deposits are marked by regular horizontal striations, while in the Skull 
Spring specimen the surface is irregularly rugose in a vertical direction. 

Lower teeth of P. brevidens (Marsh) in the collections of the California 
Institute from the Merychippus zone of the North Coalinga region, Cali- 
fornia, do not have a strong external cingulum and are of somewhat smaller 
size. ‘The lower teeth of P. crenidens (Scott)? are slightly smaller in antero- 
posterior diameter and the metaconid does not project into the antero- 
interior valley. In P. pawniensis Gidley* the metaconid and metastylid are 
not so distinctly separated as in the Sucker Creek form. 

A very close resemblance is seen to exist between the Sucker Creek speci- 
mens and a tooth described by Merriam‘ as Parahippus cf. avus from the 
Middle Miocene Virgin Valley beds of Nevada. 

Only a fragmentary cheek-tooth, No. 1775 (Plate 2, fig. 5), is present of 
the upper dentition of Parahippus. It exhibits no characters to separate 
it from any of the several species of Parahippus. 


Measurements of teeth (in millimeters) 


Anteroposterior | Greatest transverse 


diameter diameter (at base) 
P2 NO S104 bie 3) Pe te 19.9 13.0 
B43) NOs 442 bis, Veto 19.5 15.6 
IVESIE?) eNO 844-4:3) Nearer a 20.0 14.6 


IMIG) INO, WA, oooonecece 19.3 i133 2 
IMIR, IN, WOAG, 65 os cc00 590 , 


Merychippus Leidy 


Remains of merychippine horses are more numerous than those of the 
anchitheriine types in the collections from the Sucker Creek beds. The 
former consist chiefly of isolated upper and lower cheek-teeth, but an incom- 
plete mandible and several limb elements are also present. 

¥. D. Bode,® in a study of a large number of merychippine teeth from the 
Merychippus zone of the North Coalinga region, found that the majority of 

1C, L. Gazin, Carnegie Inst. Wash. Pub. No. 418, 77, 78, fig. 10c, 1932. 

2H. F. Osborn, op. cit., 90-92, fig. 67, 1918. 

3 J. W. Gidley, Bull. Amer. Mus. Nat. Hist., vol. 23, 932, 1907; H. F. Osborn, Mem. Amer. 
Mus. Nat. Hist., vol. 2, pt. 1, 92-93, 1918. 

4 J. C. Merriam, Univ. Calif. Pub., Bull. Dept. Geol., vol. 6, 261-262, fig. 29, 1911. 

5 ¥. D. Bode, Carnegie Inst. Wash. Pub. No. 453, art. V, 39-63, 1934. 
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the teeth from this horizon exhibit the characters of Merychippus californicus 
Merriam. However, a number of variants were recognized by Bode which 
approach in their characters those of other described species of Merychippus, 
and in addition one group was established as specifically distinct from all 
known forms. 

Similar variation is found among the Merychippus teeth in the Sucker 
Creek collection, although diversity of type is expressed to a lesser extent 
than in the Coalinga fauna, due in part at least to the much smaller number 
of specimens available. A majority of the teeth possess the characters of a 
single species. A second form can also be distinguished and variants are 
present which approach still other species of Merychippus. 


Merychippus isonesus (Cope) 


The predominating form in the Sucker Creek assemblage exhibits the 
characters of Merychippus isonesus. The upper teeth have curved crowns of 
moderate length and are heavily cemented. Protocone and hypocone are 
sub-equal in size and round-oval in shape, with the hypocone slightly more 
flattened than the protocone. Both protocone and hypocone are discrete 
cusps during the first stages of wear, with spurs projecting toward protoconule 
and metaconule, respectively. The hypocone connects with the metaconule 
at an early stage of wear, while the protocone remains distinct until the 
tooth is a little more than half-worn. The fossettes are wide and are open 
at the anterior and posterior ends of the tooth in unworn specimens, but the 
union of protoconule and metaloph is complete except in P2. The fossettes 
become completely closed in an early stage of wear. A pli-caballin, pli- 
protoconule and pli-hypostyle are usually present though not always de- 
veloped to the same extent in each specimen. ‘The parastyle and mesostyle 
are prominent, the mesostyle especially so in the premolars. 

As the teeth advance in stage of wear, the protocone becomes rounder in 
cross-section and the prominence of the projecting spur is decreased. The 
isthmus connecting hypocone and metaconule, at first narrow, becomes almost 
as wide as the hypocone itself at a stage of wear marked by a union of pro- 
tocone and protoconule. With increased wear the fossettes become narrower 
and the enamel plications tend to disappear. In very advanced wear the 
protocone and hypocone coalesce, converting the post-protoconal valley 
into a small enamel-enclosed lake. 

The teeth from Sucker Creek are shorter-crowned and slightly less curved 
than teeth of Merychippus californicus. Furthermore, the protocone in M. 
zsonesus does not usually project quite so far inward beyond the hypocone 
as is the case in the Coalinga species. 

The lower cheek-teeth are moderately long-crowned and heavily cemented. 
Comparison of the lower cheek-teeth of M. zsonesus with those of M. cali- 
fornicus reveals the following differences: (1) In M. isonesus the crowns are 
shorter and the convexity of the external walls of the protoconid and hypo- 
conid is more pronounced than in M. californicus; (2) The anterior horn of 
the hypoconid loph joins the posterior horn of the protoconid loph at a later 
stage of wear in M. zsonesus than in M. californicus; (3) In the lower premo- 
lars of MM. csonesus the anterior horn of the hypoconid loph usually joins the 
posterior horn of the protoconid loph immediately adjacent to the metaconid- 
metastylid column or it may join directly with the metastylid, producing a 
very deep external median valley. In M. californicus, on the other hand, 
the union is usually established about half-way between the external and 
ae sides of the tooth, producing a much shallower external median 
valley. 
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The differences noted under (1) appear to be constant, whereas those 
indicated in (2) and (3) are evidently subject to variation and are not always 
trustworthy characters of value in distinguishing these two species. 

The lower canines in the incomplete mandibular specimen, No. 1059, are 
small and incisiform and are placed immediately adjacent to I3. The size 
of the alveolus for I3 indicates that this tooth was somewhat larger than the 
canine. 

In the milk teeth of M. zsonesus from Sucker Creek the protocone and 
hypocone are conical and the principal axis of the latter cusp runs diagonally 
across the tooth. As noted by Bode,! these characters readily distinguish 
the milk teeth of M.zsonesus from those of M. californicus. In the latter, the 
teeth have longer crowns, are well-cemented, and the protocone and hypocone 
are cylindrical with the principal axis of the hypocone oriented in an antero- 
posterior direction. 

M3, No. 487 (fig. 4h), is typical of a form whose characters suggest Mery- 
chippus sumani. The protocone is elongated anteroposteriorly and this 
cusp remains separate to the base of the crown. The tooth is considerably 
larger than teeth of average size referred to M. isonesus. 


Measurements of teeth (in millimeters) 


Antero- Greatest transverse | Height of crown 
posterior diameter (exclusive of unworn 
diameter of cement) specimens 


P2, No. 1049 

P3, No. 1050 

P4, No. 1051 
M2, No. 1053 
M8, No. 1054 
M38, No. 4387 

P2, No. 1057 

Ps, No. 1057 

P3 or P4, No. 1052 
M1, No. 1055 
M2, No. 1056 
M8, No. 1058 
P2-M3B, No. 1059 
Dp2, No. 441 
Dp3, No. 440 
Dp4(?), No. 439 
Dp2, No. 1047 


15 
17 
18 


ARMINIA RTE AMOR WAMOND 
CRDOD CUMMMNBDOWOOND 


a, approximate. 


Merychippus brevidontus Bode 


Three teeth, Nos. 1123, 1124 and 1770, C. I. T. Coll. Vert. Pale. (Plate 2, 
figs. 1-3a), exhibit the complexity of enamel pattern coupled with shortness 
of crown which is characteristic of this species as described from the Mery- 
chippus zone of California. 

In view of the association of this form with a progressive species of Para- 
hippus as noted by Bode for the latter horizon, it is well to indicate a similar 
association in the Sucker Creek fauna. 


1F. D. Bode, op. cit., 45, pl. 2, figs. 2 and 3, 1934. 
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Measurements of teeth (in millimeters) 


M2 M2(?) P2 
No. 1770 No. 1123 No. 1124 
C.I.T. CAL.T. C.1.T. 
Anteroposterior diameter................. 18.5 18.9 20.1 
Transverse diameters voles. we VIPERA ca Wes COREE eer A I ILL ge 


Fic. 4—Merychippus tsonesus (Cope). a, P2, No. 1049, occlusal view; b, P3, 
No. 1050, occlusal view; c, P4, No. 1051, occlusal view; d, M2, No. 1053, 
occlusal view; e, P2 and P3, No. 1057, lateral and occlusal views; f, M1, No. 
1055, occlusal view; g, Dp2, No. 441, occlusal view; h, M3, No. 437, lateral 
and occlusal views showing type of tooth associated with typical M. isonesus 
and which closely resembles M.swmani; x1.0. Calif. Inst. Tech. Coll. Sucker 
Creek Miocene, Oregon. 


Rhinocerotid sp. 


Fragments of teeth and of limb elements indicate the presence of a rhino- 
cerotid in the fauna, but a generic determination of the form is not possible 
on the basis of available material. The fragments suggest a type with 
relatively long-crowned teeth. 


Moropus sp. 


Chalicotheres are represented in this collection by a single tooth, a right 
M2, No. 1060 C. I. T. Coll. Vert. Pale. (fig. 5), which agrees in character of 
crown with the description of teeth of Moropus given by Holland and 
Peterson.! The tooth is unworn and well preserved. It is semiquadrate in 
shape with parastyle placed farther forward than the antero-internal corner 
of the tooth. The ectoloph is sharply inflected, having a W-shape, with 
prominent parastyle and mesostyle. A faint rib is present on the outer wall 


1W. J. Holland and O. A. Peterson, Mem. Carnegie Mus., vol. 3, 245-247, 1914. 
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of the paracone. The outer walls of the paracone and metacone slant 
inward at an angle of approximately 45 degrees. The crest of the ectoloph 
is sharp. A small sharp tubercle lies adjacent to the inner wall of the para- 
cone. The protocone is isolated, the protoloph being cut through by the 
anterior exit of the valley between protocone and 
paracone. A short sharp crest curves inward and 
forward from the summit of the protocone. A low 
sharp crest extending inward from the metacone 
ends in the hypocone. A deep V-shaped valley 
extends forward from the posterior end of the 
tooth between hypocone and metacone. A second 
exit of the protocone-paracone valley exists be- 
tween hypocone and protocone. A heavy cingu- 


Fie. 5—Moropus sp. M2, 


Noy HOBO, oaclocell wisn lum is present at the anterior end of the tooth, 
x1.0. Calif. Inst. Tech. | while a short cingulum extends backward from the 
Coll. Sucker Creek, Mio- — protocone. In addition, a posterior cingulum is 


ean, OnE. present and a faint cingulum occurs at the base 


of the ectoloph. The inner side of the tooth is 
supported on a large root, elliptical in cross-section, while the parastyle and 
mesostyle are each supported by a smaller root. 

The Sucker Creek specimen is approximately half the size of the corre- 
sponding tooth in Moropus elatus of the Lower Miocene of Nebraska, the 
best-known species of that genus.! Moropus merriami from Virgin Valley 
apparently approaches M., elatus in size, as does also the Skull Spring chali- 
cothere(?). In size, No. 1060 is not far removed from M. oregonensis of 
the John Day region, Oregon. ‘The Sucker Creek form may be determined 
ultimately as a type specifically distinct from both the Virgin Valley and the 
Skull Spring forms. 


Measurements (in millimeters) 


Moropus,sp.| M. elatus 
No. 2103 
Car. Mus. 


M2, anteroposterior diameter 
M2, transverse diameter............ 


Artiodactyla 
Prosthennops(?) sp. 


The peccaries are represented by a single M3, No. 1061 C. I. T. Coll. Vert. 
Pale. (fig. 6). Four principal cusps are present and are arranged in a rec- 
tangle slightly longer antero-posteriorly than transversely. The two anterior 
cusps are somewhat stouter and stand slightly higher than the posterior pair 
The heel is about one-third the length of the entire tooth and displays four 
small cusps, sub-equal in size. A smaller cuspule is present on each side 
of the last cusp on the heel. The tooth unfortunately presents no characters 
on which a definite generic determination can be made. It can be readily 
separated from Platygonus by the conical shape of the cusps and an absence 


1W. J. Holland and O. A. Peterson, ibid., 222-226, 1914. 
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of cross-crests. It is distinguished from Desmathyus by an absence of a 
cingulum. In a comparison between third lower molars of Percherus from 
the White River and John Day Oligocene and those of Prosthennops from 
the Rattlesnake and Thousand Creek Pliocene, it was observed that the 
principal cusps in the later genus are stouter and crowd each other, occupying 
relatively more of the occlusal surface than 
in the earlier genus. In the earlier form 
the cusps are distinctly separated by open 
valleys. In these characters the Sucker 
Creek specimen approaches Prosthennops, 
but remains intermediate between that 
genus and Percherus. 

The peculiar character of the heel of 
No. 1061 may or may not have taxonomic 
importance. The number and size of ac- 
cessory tubercles on the molars of Recent 
peccaries have been observed to be highly 
variable. A type of heel similar to that 
in No. 1061 is seen in Percherus trichenus 
of the John Day and serves to distinguish hie 
this species from P. pristinus of the same Fic. 6—Prosthennops (?) sp. M3, No. 
horizon.! A specimen of Prosthennops in 1061, lateral and occlusal views; 
the California Institute collections from aod react aie Sane: 
the Rattlesnake Pliocene, although notably a he anes 
larger, has an arrangement of cusps on the 
heel of M3 very similar to that in the Sucker Creek specimen. Prosthennops 
longirostris Thorpe from the Pliocene of Oregon has also a large number of 
tubercles on the heel of M.3 


Measurements (in millimeters) 


FAM CCLODOSCELIOLLGTAIIIG COT ENR Teoh yer Ee Loe ooo ee ene vase aoe elle os) warie ave U7 a 
PREANSVELSerGl ane LOrMew era ce taeda. ei ceavericuctl ms a tille th zc me ne Mn cree 8 dW 10.0 


Ticholeptus sp. 


Oreodont material in the Sucker Creek collection is sufficient to permit 
generic identification of the form represented, but a definite specific determina- 
tion is not warranted. 

Nos. 1062, 1064 and 1728 (fig. 7) are fragments of jaws bearing upper and 
lower teeth which, when compared with Ticholeptus petersoni Loomis? from 
the Lower Harrison beds of Wyoming, show close agreement in all essential 
details of tooth pattern but differ slightly in size. The lower jaw fragments 
are slightly larger than 7’. petersoni, but the upper teeth in No. 1728 are 
slightly smaller than the comparable teeth in that species. Also, in No. 
1728, M1 and M2 have small median inner cuspules, M3 a prominent cuspule 
and in addition a smaller cuspule at the base of the posterior inner crescent. 
These tubercles do not appear on the molars of the specimen of 7’. petersoni 
available for comparison. However, sufficient similarity is evident on which 
a reference of the Sucker Creek form to the genus Ticholeptus may be made. 


1H.S. Pearson, Bull. Amer. Mus. Nat. Hist., vol. 48, 95, 1923. 
2 F. B. Loomis, Amer. Jour. Sci., ser. 5, vol. 6, 222-228, 1923. 
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The two oreodont teeth from Skull Spring, referred by Gazin! to Ticho- 
leptus(?) sp., show considerable resemblance in size and in pattern to cor- 
responding teeth of 7’. petersont and would appear to be in fact indistinguish- 
able from that species. 


Fia. 7—Ticholeptus sp. a, Fragment of right ramus 
with Pi—P4, No. 1062, lateral and occlusal 
views; x1l.0. Calif. Inst. Tech. Coll. 
Sucker Creek Miocene, Oregon. 


It is interesting to note furthermore that a specimen in the collections of 
the California Institute from the Mascall Miocene of the John Day basin 
demonstrates for the first time the presence of Ticholeptus in that horizon. 
In this specimen, No. 1730 (fig. 8), a lower jaw fragment with P4 and M1, 
the anterior crest is bifurcate, a feature which Loomis? regards as characteris- 


1C,. L. Gazin, Carnegie Inst. Wash. Pub. No. 418, pp. 81-82, figs. 15, a and b, 1932. 
2 F. B. Loomis, Bull. Amer. Mus. Nat. Hist., vol. 51, 12, 1924. 
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tic of Ticholeptus and Metoreodon. However, the pillar-like cusp on the 
median crest is not enlarged and does not extend so far forward as in Metoreo- 
don, nor is the posterior portion of the tooth reduced as in that genus. No. 
1730 is slightly smaller than the corresponding part in 7’. petersoni and the 


SSS SoS 
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Fig. 7—Ticholeptus sp. 6, Fragment of right maxillary with 
P4-M3, No. 1728, lateral and occlusal views; c, fragment 
of left ramus with M2 and M3, No. 1064, lateral and 
occlusal views; x1.0. Calif Inst. Tech. Coll. Sucker 
Creek Miocene, Oregon. 


pillar-like cusp on the median crest is not so enlarged. Close resemblance 
to the Mascall specimen in this respect and in size is exhibited by a lower 
fourth premolar, No. 389, from Skull Spring. Nos. 389 and 1730 may 
belong to a species distinct from that represented by Nos. 387, 388, from 
Skull Spring. 
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No. 


No. 


No. 


No. 


No. 


A single tooth, No. 1063 (Plate 1, figs. 7, 7a), may belong to the genus 
The anterior crest is simple and a pillar-like cusp projects 
forward slightly at the point of union of the median crest with the posterior 
The posterior basin is completely enclosed and a posterior inter- 
mediate crest is suggested. This specimen resembles P4 of Merychyus, as 


Merychyus. 


crescent. 
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Measurements (in millimeters) 


Fic. 8—Ticholeptus sp. P4 and MI, No. 1730, 
lateral and occlusal views; x1.0. Calif. 
Inst. Tech. Coll. Mascall Miocene, Oregon. 


1062: ee 

Anteroposterior. diameter,“PI-P4a)/. sah ae eee leet ces eae 50.1 
Anteroposterior diameter, /P2—PA ws i tate Seas cistern. = alana res 39.0 
1064: a 

Anteroposteriondiameten,, Mi2—Mon— 5nm sei ate ee ee ernie ran 46.6 
Transverse diameter; NVb2 (crear). ols eens eee tas AP eae ene on ya 11.6 
Transverse diameter.) Mia coer 50 oleate es EE ee hah et ctete RG 11.9 
1728: 

Anteroposterior diameter wP4—Msi. okie w aictatrcc tie Reece Neen a6l. 
Anteroposterior diameter Weare nee ees scenes ets RR eRe ne ree hea 10.1 
Anteroposterior idiameterte ilies ie ee iin aka Dee SLO Sv aN Ke LAI AR SU al4.7 
Anteroposterior:diameters, Maia Ae 205 Oech ase 5 eects regen aCe ons RRR 17.8 
Anteroposterior diameter Ms ia. souks os ee de Raton eee eaehe a23 .4 
‘Transverse diameter, (B43 iy). OR Pe as Ge ae eee be Mire Cece Dar 8 ais Re al2.8 
‘Transverse: diameter, Wie.) oy.) 573) eae eer treenreni ec gen een a ee Are ea Reem A 113, 2/ 
Transverse diameter, Mose sangeet i iMgs PMs nn) apelreli Vaiilat eco dint on paket 15.1 
Transverse: diameter wMlaar p,5.cca on ths else cae een ee al6.2 
1730: a 

Anteroposterior diameter, (P40 is. nner sree oy Piel. he eed 12.8 
Transverse diameter, P4..... RAISE RAIRR AIAG IE bi) cereal a. eka SoeietS ‘Aleman Ree. Renae 9.6 
Anteroposterion diameter” Mul cr ene ent eee nari ne 13.0 
Transverse diameter; Miler sicaicse serie os ORs ee ea a le 9.1 
1527 C. I. T. Coll. Vert. Pale., 7’. petersont: 

Anteroposterior diameter; -P2—P4 wi... ns scenic oe eae eeaC oe 34.5 
AnteroposterioMdlameterwvic—Mioe airs ie ieee nner et 42.3 
Transverse diameter, Maree nai ae susie re te ee ae 11.2 
Transverse diameters M3 oe fie esse eee eae Te oo aaa UL 2 
Anteroposterior, diameter, P4—M3iin 4. <n. coe Re ene oe enone: 64.0 
Anteroposterior ‘diameter; P4005 ot SOs jeer a hee coke 10.9 
Anteroposterior diameter, Mile ot) oie cok a Oe 15.5 
Anteroposteriondiameter, (M2 405 Bois F< 3 ile soemae omer nie rele nee neler cies 19.7 
Anteroposterior ‘diameter, PMiSi.s eee Aeron each itt een Ra i era aia ne 283 (8) 
‘Transverse Glametern 4 = scot OTOP an ose ae earned 13.0 
‘Transverse diameter sain acc sete ere soho este Rae e Ue RRA ot niente a ade Pat 16.4 
Transverse: diameters M2. 255.56) Stinks le does ene eae eres 17.3 
Transverse diameter, N38 ional cee eee ete elaine: 18.3 


Merychyus (?) sp. 


illustrated by Loomis.! 
1. B. Loomis, op. cit., 13, fig. 7, 1924. 
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Measurements (in millimeters) 


IAM tELOPOStEFIOTNGIAMELEEE SOU er HRiten TaN Tama Ue: RE PORTAL OPA MOM ai uy ere eg a 12.9 
ELPANSV.GTSC! CUATIVC LOI eee Pa eRe Re tate eabis. cia PRI MRE SLRS UE ok Reel 8.4 


Dromomeryx near borealis (Cope) 


A species of Dromomeryx close to or identical with Dromomeryz borealis 
(Cope) is represented by a number of isolated teeth and a few limb elements. 
Unfortunately, specimens of horn-cores, on which the description of the 
species is partially based, are not present. 

P2, P4 and M2, Nos. 1066, 1067 and 1068, C. I. T. Coll. Vert. Pale. (figs. 
9a, b, c), appear to be indistinguishable from corresponding teeth in Cope’s 
type specimens. They likewise appear to be specifically inseparable from 
corresponding teeth of No. 1542, Carnegie Mus. Coll., from the Upper 
Miocene of Montana, assigned by Douglass to D. borealis.1 However, a 


Fig. 9—Dromomeryx near borealis (Cope). a, P2, No. 1066, occlusal view; 
b, P4, No. 1067, occlusal view; c, M2, No. 1068, occlusal view; d, P3, 
No. 1069, occlusal view; e, P4, No. 1729, occlusal view; f, M2 and 
portion of M1, No. 1071, lateral and occlusal views; g, M3, No. 1072, 
occlusal view; x1.0. Calif. Inst. Tech. Coll. Sucker Creek Miocene, 
Oregon. 


comparison of the lower molars from Sucker Creek with illustrations given 
by Douglass of the lower dentition of D. borealis reveals some differences 
which may be significant. 

In the Sucker Creek specimens the antero-external crescent, after moderate 
wear, unites with the postero-internal crescent. A small enamel process is 
also present, extending postero-externally from a point near the posterior 
end of the antero-internal crescent to the point of union of the antero-external 
and postero-internal crescents. 

The illustration of the lower teeth of D. borealis given by Douglass, 
shows the union of antero-external and postero-internal crescents occurring 
in the much-worn M1 but not in M2 and M3. Moreover, there appears to 
be no trace of the small enamel process described above. M3 of the Mon- 
tana form, in fact, shows the most marked difference from the comparable 


1H. Douglass, Ann. Carnegie Mus., vol. 5, plate 63, figs. 1 and 3, 1909. 
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tooth in the Sucker Creek species. In the former, a strong union takes 
place between the anterior ends of the internal and external crescents of the 
second lobe. Furthermore, the posterior lobe in No. 1072 from Sucker 
Creek (fig. 9g) appears to be rotated inward and away from the second 
lobe more than in the Montana specimen. 

The lower teeth of D. borealis illustrated by Douglass are those of No. 827 
Carnegie Mus. Coll. The upper dentition associated with this series is also 
figured. The upper teeth of No. 827 differ principally from those in another 
specimen, No. 1542 Carnegie Mus. Coll., in absence of accessory spurs on 
the wings of the internal crescents of the molars. Douglass assigned both 
No. 827 and No. 1542 to the species D. borealis, because of similarities noted 
in the characters of skull and horn in these types. 

It is possible that the lower teeth associated with the type of upper denti- 
tion present in No. 1542 and in Cope’s specimens resembled more closely 
the Sucker Creek material than does No. 827. If the dental characters have 
a specific importance equal to or greater than that of the horns, the Sucker 
Creek form and No. 1542 from Montana may be referred to D. borealis. 
On the other hand, No. 827 from Montana should be regarded as belonging 
to a distinct species. On this basis also, the material from Skull Spring and 
that described by Sinclair! from the Snake Creek beds should be referred 
to D. borealis. In the absence of skull or horn material it does not appear 
desirable, however, to definitely identify the Sucker Creek form as of the 
species D. borealis. 


Measurements (in millimeters) 


Anteroposterior Transverse 
diameter diameter 


P2, No. 1066 14. 
P4, No. 1067 V7 


M2, No. 1068 20. 
P3, No. 1069 i 
MEN@), NOs WOMDs 6 oo 0004. i183. 
M2, No. 1071 . 13. 
MB, No. 1072 1183, 


a, approximate. 


Merycodus cf. nevadensis Merriam 


Merycodont remains consist of a fragmentary horn, No. 1073 C. I. T. 
Coll. Vert. Pale. (fig. 10), and two lower jaw fragments, No. 1074, bearing 
an M2, and No. 1772, bearing an M3 (Plate 1, figs. 5-6b). These specimens 
indicate a rather small form of Merycodus, possibly close to M. nevadensis 
Merriam,” from the Virgin Valley beds of Nevada. 

The anterior tine of the horn and the base of the beam are missing in No. 
1073. Judging from the depth of the nutrient canals, this specimen repre- 
sents a fully adult individual. It is decidedly more slender than specimens 
in the large series of horns of Merycodus loxocerus Furlong,? representing 
individuals in various stages of growth from the Upper Miocene of Nevada. 
In M. loxocerus the beam, relative to the length of the tines, is considerably 
elongated and individual horns may be more slender than those of M. furcatus. 

1W. J. Sinclair, Proc. Amer. Philos. Soc., vol. 54, 94-95, 1915. 


2 J. C. Merriam, Univ. Calif. Pub., Bull. Dept. Geol., vol. 6, 284-285, 1911. 
3. L. Furlong, Carnegie Inst. Wash. Pub. No. 453, 1-10, 1934. 
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The beam is slightly convex toward the front. Cross-sections of the beam 
are shown in figure 10. 

The teeth represent young adult individuals and resemble closely in size 
comparable teeth in M. loxocerus, M. nevadensis and in a species of Mery- 
codus recorded from Skull Spring.1 The anterior crests are flanked by 
prominent styles at each end. The posterior 


crest of M2 possesses also a strong posterior 

style. Both crests have strong median ribs on 1 
their lingual surfaces. The crescents are not Pans 
so harply ridged as in M. loxocerus and have a Y ' 


rounded appearance. A median cuspule is 
present between the outer crescents of M2. 
It is not shown in M3, but the crown of this 
tooth has not fully emerged. M2 has no trace 
of a vertical fold on the anterior face, but a 
suggestion of a fold is seen in M3. In size of 
teeth, smallness of third lobe in M3, and in 
slenderness of horn, the Sucker Creek form 
resembles Merycodus nevadensis more closely 
than it does any other known merycodont 
species. ‘The present species may be identical 
with that from Skull Spring which it resembles 
in size and in prominence of styles on the inner 
crests of the lower molars. In latter character 
as well as in the more rounded crescents and 
in slenderness of horn, it differs from M.loxocerus. 
It is smaller than M. furcatus, M. necatus and 
M. osbornt. 
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Measurements (in millimeters) 


Length of tine above bifurcation.............. 50.1 i 
Length of beam below bifurcation (incomplete)... 58.5 Th i 
M2, anteroposterior diameter................. 8.3 | 
M2, greatest transverse diameter.............. 4.6 ‘AN i 
M3, anteroposterior diameter at alveolar border. 10.5 Np is 
M3, greatest transverse diameter.............. 4.7 iD 
: Fia. 10—Merycodus cf. neva- 
? 
Camelid (?) sp. a densis Merriam. Fragment 
: of left horn-core, No. 1073, 
A lower jaw fragment, No. 1065 (fig. 11), athe vee @ ermdl th, Gok: 
with M1 and partially emerged M2, resembles sections; x1.0. Calif. Inst. 


Tech. Coll. Sucker Creek 


the corresponding part of a lower jaw of Para- 
Miocene, Oregon. 


tylopus cameloides (Wortman) from the Upper 
John Day, but differs in somewhat larger size 
and in slightly greater hypsodonty. No. 1065 compares favorably in size 
with Miolabis transmontanus (Cope) and may belong to a form closely 
related to this species. 

The teeth have prominent median and_posterior pillars on their lingual 
surfaces. ‘The antero-internal corner of M1 is missing and the same portion 
of M2 is not sufficiently exposed to show whether or not anterior pillars were 
present. M1 has a median outer cuspule. The base of M2 is not visible. 
M1 has an anterior cingulum from the lingual end of which a slight vertical 


1C, L. Gazin, Carnegie Inst. Wash. Pub. No. 418, 85, 1932. 


118 CONTRIBUTIONS TO PALZXONTOLOGY 


enamel fold is developed. An incipient development of this feature is 
seen in M2._ 


Measurements (in millimeters) 


Milanteropostenon diameteranisen eee sae eee eee 14.5 
Mi. ‘transversesdiame ber. ies ie yids a cues Slee enue U CHA GU ch Ui Ai ae aR ee en 9.1 
M2: anteroposterior diameteta ya eels eee ee Te eee eae 17.2 
M5, transverse diameter. .).).)/))/5 2 20001 EU RE BER AG ROL 9.0 
Depth of jaw ‘below M2. .\5 2h MM a OR Pe NS RR Ha a26.9 


a, approximate. 


Camelid (?) sp. b 


A number of foot and limb elements, including an unciform co-ossified 
with a portion of the vestigial fifth digit, a patella and a pisiform, suggest a 
camelid larger than that previously recorded. ‘These specimens may show 
some resemblance in size to Altzcamelus or Megatylopus. 
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Fig. 11—Camelid (?) sp. a. MI and M2, No. 1065, lateral and oc- 
clusal views; x1.0. Calif. Inst. Tech. Coll. Sucker Creek 
Miocene, Oregon. 
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Mylagaulus cf. levis Matthew 


Fic. 1—Fragment of right ramus bearing M2, M3 and portion of P4, No. 1774, occlusal view; x4. 
Fias. 3, 3a—P4, No. 1042, occlusal and inner views; x3. 


Chalicomyid sp. 
Fic. 2—Upper cheek tooth, No. 1773, occlusal view; x4. 
Canid (?) sp. 
Fie. 4—M1, No. 1771, occlusal view; x2. 


Merycodus cf. nevadensis Merriam 


Fis. 5, 5a, 5b>-—M3, No. 1772, lateral and occlusal views; x1.5. 
Fias. 6, 6a, 66—M2, No. 1074, lateral and occlusal views; x1.5. 


Merychyus (?) sp. 
Fics. 7, 7a—P4, No. 1063, lateral and occlusal views; x3. 
Calif. Inst. Tech. Coll. Sucker Creek Miocene, Oregon. 
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Merychippus brevidontus Bode 


Frias. 1, la—P2, No. 1124, lateral and occlusal views; x1.5. 
Fias. 2, 2a—M2, No. 1770, lateral and occlusal views; x1.5. 
Figs. 3, 3a—M2(?), No. 11238, lateral and occlusal views; x1.5. 


Hypohippus near osborni Gidley 
Figs. 4, 4a—M3B, No. 1769, lateral and occlusal views; x1.5. 


Parahippus sp. 
Fria. 5—Upper cheek tooth, No. 1775, occlusal view; x1.5. 


Calif. Inst. Tech. Coll. Sucker Creek Miocene, Oregon. 
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ARTIODACTYLA FROM THE SESPE OF THE 
LAS POSAS HILLS, CALIFORNIA 


INTRODUCTION 


The artiodactyla found at the Kew Quarry site in the Sespe deposits 
of the Las Posas Hills, Ventura County, California, comprise. at 
present three forms, namely a camelid, the genus Hypertragulus, and 
possibly a bothriodont. This assemblage is again noteworthy in fur- 
nishing information of value in establishing the relationships of the 
Kew Quarry fauna to the John Day and White River faunal stages. 
At least one of these recorded forms from the Upper Oligocene 
extends considerably the known geographic distribution in North 
America of the particular group to which it belongs. 


Dyseotylopus migrans n. gen. and n. sp. 


Type specimen—No. 1721 Calif. Inst. Tech. Vert. Pale. Coll., a crushed 
skull (Plate 1, figure 1). 

Diagnostic characters—Larger than known species of Pebrotherium, but 
similar to this genus in slenderness of skull. Maxillary fossa broad. Molars 
compressed transversely and higher crowned than in Pebrotherium or in 
Paratylopus. Outer walls of molars flatter and styles distinctly less promi- 
nent than in these genera. Mesostyle present, but does not extend full 
depth of crown. 

Description—The type specimen of this genus is represented by a crushed 
skull which lacks among other parts the anterior end of the snout bearing 
the canines and incisors. No. 1721 evidently resembles in slenderness of 
skull and in size the larger species of Pebrotherrwm. Unfortunately, because 
of the crushed condition, it is not always possible to determine beyond all 
doubt some of the major ‘diagnostic characters, but there still remains a high 
degree of probability in the interpretation of the structural features as they 
are now revealed. 

However, it is difficult to demonstrate with any degree of certainty whether 
the orbits were closed or open in back. Judging from the fragments which 
remain on the right side, the orbit may have been open as in Pebrotherium, 
but if this is really the case the frontal process was carried downward to a 
considerable extent. 

The wall of the face anterior to the orbit is brecciated, but the extent 
to which the bone fragments extend upward, toward the nasal border, makes 
it appear reasonably certain that the structure of the skull in this region was 
like that in Pebrotherium. In other words, a pre-orbital vacuity may have 
been present, but its size may not have been as large as that of the vacuity 
in Pseudolabis. A maxillary fossa of relatively large size is clearly outlined. 
In this respect resemblance to Pseudolabis and to specimens of Pebrotherium 
isapparent. Extent of this fossa is greater than that generally seen in skulls 
of the latter genus. No marked depression is evident along the median 
line at the anterior ends of the frontals as in the skull of Pseudolabis dakotensis. 

Compared with the type of Pebrotherium andersoni (No. 17358 Amer. 
Mus. Nat. Hist.) the cranial region of the skull in the Sespe species corre- 
sponds in length to the former, but the facial region is distinctly longer. 
The skull in No. 1721 may have been as long as that of Paratylopus sternbergi, 
but it is comparatively more slender for its size. The orbit is smaller in 
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our specimen and the large facial fossa noted in No. 1721 is lacking in the 
John Day type. 

In so far as the structures can be determined, considerable similarity pre- 
vails between the Sespe species and Pebrotheriwm in the posterior region of 
the skull adjacent to the external auditory meatus. Only the upper rim of 
this opening is preserved and the bulla is crushed and in large part broken 
away. The paroccipital process resembles that in Pebrotherium, with the 
plate in front somewhat broader anteroposteriorly. Evidently a deep pit, 
like that in Pebrotherium, was present between this process and the occipital 
condyle. Moreover, the condyles do not project backward beyond the level 
of the occiput, but have a position similar to that in the latter genus. A 
deep depression is present on either side of the base of the occiput above 
the condyles. 

The lateral compression of the teeth is due in part to the crushing to which the 
specimen has been subjected. However, with allowance made for this crush- 
ing, the teeth in No. 1721 are relatively narrower for their length than those 
in Pebrothercum or in Paratylopus. The teeth are likewise longer-crowned. 

Pl was two-rooted, in which respect the Sespe form agrees with Pebro- 
therrum and differs apparently from Pseudolabis. Matthew states that Pl 
is caniniform in P. dakotensis. The diastema between P1 and P2 measures 
approximately 12 mm. in the Sespe specimen. This length is greater than 
in Pebrotherium but, relative to length of tooth-row, perhaps no more so 
than in Pseudolabis. Only the base of the crown of P4 is preserved on the 
right side of the skull; on the left the crown of this tooth is crushed and the 
enamel wall on the inner side is split. However, the type of crown present 
in No. 1721 would appear to resemble that in Pebrotheriwm and to differ to 
this extent from that in Pseudolabis. ‘The median rib of the outer face is 
more reduced than in the latter genera. 

The molar teeth in the Sespe specimen form a longer series, the individual 
teeth being larger, narrower, and of a distinctly more slender appearance 
than in Paratylopus sternbergi. Furthermore, the external walls are notice- 
ably flatter and the styles distinctly less prominent than in the latter. The 
compression of the teeth and the flattening of the outer walls present features 
that are more accentuated in Dyseotylopus than in Pseudolabis. 

M1 possesses a mesostyle and this is more prominently developed than in 
the comparable tooth of Pseudolabis. It is present also in M2, but does not 
continue downward on the tooth crown to the occlusal margin. 

Relationships—Dyseotylopus is evidently an advanced pcebrothere, larger 
and with longer-crowned, narrower cheek-teeth than in typical Pebrotherium 
of the White River. The Sespe type is clearly distinct from Paratylopus. 
Dyseotylopus is not so robust as Pseudolabis, and in the former the reduction 
in size of styles and the flattening of the external walls of the upper teeth 
are carried even farther than similar features seen in the latter type. 

It is unfortunate that, in absence of the skull, no direct comparisons can 
be made with the genotype of Protomeryx. Matthew! has reviewed the 
status of this genus and has indicated that the type, Protomeryx halli, de- 
scribed by Leidy, came from deposits which can be regarded as the equivalent 


1W. D. Matthew, Mem. Amer. Mus. Nat. Hist., vol. 1, pt. 7, 422-423, fig. 29, 1901. 

Apparently the species name cedrensis was also applied to this type by Matthew, for this 
name appears in the faunal list (vide supra, p. 358) and in the legend below the text-figure (p. - 
422, fig. 29) illustrating the type specimen of Protomeryx campester. Although the name cedrensis 
appears first in the text and also accompanies the figure of the type specimen of P. campester, 
it is evident that Dr. Matthew decided to use the name campester instead. P. cedrensis and 
P. campester are therefore synonymous and should not be regarded as separate species. 
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of the Leptauchenia and Protoceras beds. Matthew described a second 
species, Protomeryx campester, from the Leptauchenia zone of northeastern 
Colorado. With reference to possible relationship of Dyseotylopus to Pro- 
tomeryx, it is significant to note in Matthew’s description and illustration 
that P. campester possessed a large diastema behind PI and that the teeth 
are higher-crowned and more compressed than in Paratylopus sternbergi. 
Possibly Dyseotylopus and Protomeryx are congeneric. 


Comparative measurements (in millimeters) of superior dentition 


Dyseo- Pseudo- Pcebro- Peebro- Poebro- 
tylopus labis therium therium therium 
migrans | dakotensis| labiatum | andersoni| eximium 
No. 1721 | No. 9807 | No. 6520 | No. 17858] No. 632 
A.M.N.H.| A.M.N.H.| A.M.N.H.| A.M.N.H. 


Length from anterior end of Pl 


to posterior end of M3 a97.1 
Length from anterior end of P2 

to posterior end of M3 a78.1 
P4, anteroposterior diameter.... 10.0 
M1, anteroposterior diameter... . 15.0 
M2, anteroposterior diameter. ... 
M38, anteroposterior diameter... . 20.6 


a, approximate. 
Hypertragulus fontanus n. sp. 


Type specimen—A crushed skull with cheek-tooth series P2-M3 and with 
a portion of Pl on the right side, No. 473 Calif. Inst. Tech. Vert. Pale. Coll. 
(Plate 1, fig. 3). 

Referred specimen—Fragment of right ramus of mandible with P1-M3, 
No. 1723 C. I. T. (Plate 1, figs. 4, 4a). 

Specific characters—In size more like Hypertragulus calcaratus from the 
White River than like H. hesperius from the John Day. Distinguished 
principally by absence of cingula in posterior upper molars and by narrow- 
ness of shelf between walls of inner crescents in these teeth. Upper premolar 
series, P2-P4, shorter in relation to length of molar series than in H. calcaratus. 

Description—The type specimen of this species represents a fully adult in- 
dividual resembling in size individuals of H. calcaratus. ‘The John Day Hyper- 
tragulide, represented by H. hesperius and by Allomeryx planiceps, are gen- 
erally larger and more progressive in this character than the earlier Oligocene 
forms from the White River. However, variation in this feature is evident 
among the John Day members of the group. Lull! has described Hypertragulus 
minutus from the Upper John Day, and the individual on which this species is 
based is actually smaller than the type from the Las Posas Hills Sespe. 

M2 and M8 exhibit no cingula on the anterior and posterior sides of the 
crowns and the incipient mesostyle, seen in molars of H. calcaratus, is likewise 
absent. Moreover, the shelf forming the floor of the valley between the 
inner crescents is narrower anteroposteriorly than in the latter species. 
P2 and P3 are small. The diastema between Pl and P2 appears to be 
comparable in length to that observed in H. calcaratus. 

A lower jaw fragment with teeth, referred to Hypertragulus fontanus, is 
shown in Plate 1, figures 4, 4a. 

The Sespe species from the Kew Quarry locality comprises individuals of 
smaller size than those represented by specimens from the Tecuya beds of 
southern California. In the latter? the upper molars are without cingula in 


1R. S. Lull, Amer. Jour. Sci., ser. 5, vol. 4, 115, 1922. 
2 C. Stock, Univ. Calif. Publ. Bull. Dept. Geol., vol. 12, 269-270, figs. 2 and 3, 1920. 


124 CONTRIBUTIONS TO PALAEONTOLOGY 


No. 23603 Univ. Calif. Coll., but an anterior cingulum is present in the 
molars of No. 23598 Univ. Calif. Coll. 


Measurements (in millimeters) Hiporttarulusfontandamnuep 


Type No. 473 C. I. T. 


Length: ofseries MP2 M3 cess scaeecsh i ee Pee LO ee eae 24.9 
M38, greatest length, measured parallel to outer side............. 6.9 
M38, greatest width normal to outer side................eeeeeee 6.4 


Hypertragulus fontanus n. sp. 
No. 1723 C. I. T. 


Length of series, P3—M3........ Pd OMEN TERME, 2 CE AURORE SN RVR 24.8 
Length of diastema in front of P2 (approximate)............... 52 
engthol diastemarbehindvey2ier a iin errielellelto trainee istoreiene 2.3 
Depth ofsramus' below/middle of P34... co Coe ee eee eee eee 5.9 


(?)Bothriodon cf. brachyrhynchus (Osborn and Wortman) 


The possibility of an anthracothere in the fauna is indicated at present 
by a single fragmentary specimen. No. 1722 Calif. Inst. Tech. Vert. Paleo. 
Coll. (Plate 1, fig. 2) consists of a portion of the maxillary with Dp3 and 
Dp4. The crown of Dp3 is not perfectly preserved, while that of Dp4 is 
practically complete. Comparison has been made particularly with No. 579 
in the collections of the American Museum of Natural History, a specimen 
collected in the Upper Oreodon beds of the White River group, South Dakota. 
Through the courtesy of Dr. F. B. Loomis a milk dentition of Agriocherus 
antiquus has also been available. 

Dp4 in No. 1722 from the Sespe is narrower, relative to its anteroposterior 
diameter, than the comparable tooth in B. brachyrhynchus. Moreover, the 
parastyle is more strongly developed, while the mesostyle is weaker in our 
specimen than in No. 579. The anterior intermediate cusp is distinct and 
well developed. This tooth differs from Dp4 in Agriocherus in presence of 
intermediate cusp, more strongly developed anterior and posterior cingula, 
wider median valley, and stronger parastyle. There still remains, however, 
considerable resemblance between these teeth. 

Unfortunately, only the posterior portion of Dp3 remains. In this, how- 
ever, the size of the posterointernal cusp is like that in the anthracotheres. 
It likewise differs in shape and in position from the comparable cusp in 
Agriocherus. In the latter, the cusp has a more forward position with 
reference to the posteroexternal cusp than in the Sespe specimen. 

Several genera and species of anthracotheres have been described from 
the Oligocene of North America, and it is by no means certain that the 
Sespe form belongs to the genus Bothriodon (Ancodon). Presence of this 
type in the Kew Quarry fauna is significant, particularly if it proves to be 
an anthracothere, since it emphasizes again the difference between the fauna 
from the Sespe of the Las Posas Hills and that from the John Day of eastern 
Oregon. ‘These mammals remain unrecorded in the faunal assemblages 
from the John Day, but they can not be regarded as restricted in their 
vertical range to the Oligocene, since they are known to occur in the Lower 
Miocene (Lower Rosebud) of the western Great Plains. 


Measurements (in millimeters) 


Dp4, greatest transverse diameter across paracone and pro- 
tocone 
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SUMMARY 


Three artiodactyls are recorded from the Kew Quarry site (Locality 
126 Calif. Inst. Tech. Vert. Pale.) of the Sespe deposits in the Las 
Posas Hills, Ventura County, California. These comprise a new 
genus and species of camel, Dyseotylopus migrans, a new species of 
Hypertragulus, H. fontanus, and possibly an anthracothere. 

Dyseotylopus is more advanced than Pebrotherium and differs in its 
structural characters from Paratylopus and Pseudolabis. 'The Sespe 
form is possibly congeneric with Protomeryx. In view of the close 
resemblance between certain mammals occurring in the Kew Quarry 
fauna and comparable species in the John Day, this difference between 
the camels from the two horizons furnishes a striking exception. 
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